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SUMMARY
The chemical composition of precipitation and its 
effect on soils, vegetation, and aquatic life have re­
ceived considerable attention in recent years. This re­
port was prepared to pool the information available in 
the states of the North Central Region on nutrient 
i S  concentrations and accumulations by precipitation. In 
addition, comparison was made of emission of particu-
* ■  lates, SOx, NOx, CO, and hydrocarbons from various
sources in each state in the study region. Results 
showed that, although emission of SOx, NOx, and par­
ticulates varies greatly among the states, the greater 
emissions are in Ohio and the least in North Dakota 
and South Dakota. Nitrogen (NH4 + and N 0 3 ~), sulfur 
(S04 ), and phosphorus (P043 ) concentrations and
* 1  accumulations by precipitation in these states are very
similar. Generally, the annual inorganic N deposition 
'* ■  ranged from 5 to 20 kg/ha. Of these amounts, 50% was 
in the NH4 + form and the other 50% in the N 03 " form
* 1 in Iowa, but generally more NH4 -  N than N 0 3 -  N is
deposited in this region. The concentration of S 04 — S 
varied among the sites and seemed to be high during
fall and winter and low during spring and summer. The 
annual deposition of S ranged from 5 to 15 kg/ha per 
year. The soluble P 0 4- P  concentrations were very 
low; they ranged from 0 to 120 |xg/l. The annual deposi­
tion of P was insignificant compared with that present 
in soils and added in fertilizers; it ranged from <  0.1 to 1 
kg/ha.
Insufficient data are available on pH of precipita­
tion in this region, but the limited information indi­
cates that pH of precipitation is slightly alkaline (pH = 
6) in Iowa, Nebraska, and one site (Lamberton) in Min­
nesota and slightly acid (pH, 4 to 5) in Illinois, Michi­
gan, one site (Marcell) in Minnesota, and Ohio com­
pared with that expected (pH = 5.7) for precipitation in 
equilibrium with normal C 02 in the atmosphere.
It is concluded that current levels of N, S, and P 
(especially S) in precipitation in this region are benefi­
cial to agricultural production. This is especially true 
for agricultural and grassland ecosystems that receive 
little or no fertilizers.
I l l

Nutrient Concentrations and Accumulations in Precipitation
Over the North Central Region
M. A. Tabatabai, R. E. Burwell, B. G. Ellis, D. R. Keeney,
T. J. Logan, D. W. Nelson, R. A. Olson, G. W. Randall,
D. R. Timmons, E. S. Verry, and E. M. White
INTRODUCTION
The many facets of plant nutrients (e.g., N, P, and S) 
in the biosphere have become major environmental 
issues within the past decade. This concern is justified 
because of the increasing contamination of air and wa­
ter resources by various substances on local and region­
al levels, especially in areas close to point sources. 
Little information is available, however, on variation 
in the amounts and concentrations of some of the sub­
stances present in air and natural water in various 
parts of the United States. Such information is essen­
tial for a better understanding of the transport and 
perhaps the fates of pollutants in the biosphere.
The atmospheric component of the N and S cycles 
often can be a significant part of the various pools of 
their respective cycles (Allison, 1965; Erickson, 1963; 
Feth, 1966; Gambell and Fisher, 1964; Meetham, 1950; 
Robinson and Robbins, 1970), but the atmospheric com­
ponent of the P cycle seems to be of minor significance 
to the cycling of this element in the environment. 
Among the various chemical elements present in pre­
cipitation (e.g., N, S, K, Cl, and Ca), N and S deserve 
special attention because N added by precipitation may 
contribute to nitrate pollution of surface and ground 
water. Sulfur and N may cause acid rain that can lead 
to increased leaching from soils of Ca and other nu­
trient elements, deterioration of aquatic ecosystems, 
damage to vegetation and buildings, and other agri­
cultural and urban problems. On the other hand, the 
limited amounts of N and S brought down by precipita­
tion might be useful to meet crop requirements for 
these elements in areas where soils have limited sup­
plies of N and S (Allway et al., 1937; Erdman, 1923; 
Olson et al., 1973; Schuman and Burwell, 1974; Taba­
tabai and Bremner, 1972; Walker, 1969; Widdowson 
and Hanway, 1974).
Normal water in the atmosphere in equilibrium 
with prevailing C 02 pressure will have a pH of about 
5.7 (Barrett and Brodin, 1955), but much lower pH 
values (ca. 3) have been reported for precipitation in the 
northeastern United States. The low pH values of pre­
cipitation have been considered to indicate air pollution 
(Likens and Bormann, 1974).
Nitrogen is the most plentiful element in the atmos­
phere. It plays a key role in the life of all living organ­
isms. There are several N compounds in the atmos­
phere. These include N20 , NO, N 0 2, NH3, and ammo­
nium (NH 4) and nitrate (NO 3) aerosol. Large portions 
of the NH3 and NOx in the atmosphere may originate
from biological processes, but the concentrations of 
these gases in the air are greatly affected by industrial 
activities, automobile traffic, and feedlot operations 
(Elliott et al., 1971; Hutchinson and Viets, 1969; Robin­
son and Robbins, 1970). O f the eight possible oxides of 
nitrogen (N20 , NO, N20 3, N 0 2, N20 4, N20 5, N 0 3, and 
N20 6), only three (N20 , NO, and N 0 2) are important 
constituents of the atmosphere. Of these three, the most 
plentiful in the atmosphere is the relatively inert N20. 
Nitrogen dioxide present in the atmosphere, however, 
can react with water vapor to form N H 03, which, in 
turn, reacts with NH3 or cations associated with parti­
cles in the air and forms nitrate salts, such as ammo­
nium nitrate, which is brought down by precipitation. 
The major reactions involving the various gaseous N 
compounds are oxidation reactions of both NH3 and 
N 02 to form nitrates and neutralization of NH3 to form 
(NH4)2S 04 and NH4N 0 3 aerosols. Atmospheric parti­
cles frequently are found to contain (NH4)2S 04, and its 
formation from NH3 and S 02 in the atmosphere prob­
ably is a significant factor in the scavenging of S 02.
The major sources for the gaseous N compounds are 
biological action and organic decomposition in the soil 
and, to a lesser extent, in the ocean. Only NO and N 0 2 
are emitted as pollutants, at an estimated annual 
worldwide rate of about 50 x 106t (Robinson and Rob­
bins, 1968). It has been estimated that, on a global 
basis, about 99% of the total atmospheric combined N is 
derived from biological processes and only 1% from 
combustion (Robinson and Robbins, 1970). The resi­
dence times for all the N compounds except N20  are 
only a few days. For N20 , the residence time has been 
calculated to be 70 years if there is no loss in the 
biosphere. Biological reaction, however, may reduce 
the residence time to about 1 to 3 years (Robinson and 
Robbins, 1968).
Stewart (1970) found that a significant portion 
(90%) of the urea N excreted by animals in feedlots may 
find its way to the air as NH3, An appreciable fraction of 
atmospheric NH3, in turn, is absorbed by soil, plant, 
and water surfaces in the vicinity of feedlots (Elliott et 
al., 1971; Hutchinson and Viets, 1969). It has been 
shown that there is a tendency for more NH3 to be 
contained in precipitation near feedlots, but it seems 
that the amounts brought down by precipitation are 
insignificant compared with those directly absorbed by 
soil and water surfaces (Hoeft et al., 1972; Hutchinson 
and Viets, 1969).
Sulfur is one of the trace substances always found in
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the atmosphere. Sulfur enters the atmosphere as S 02, 
H2S, H2S 04, and various sulfates (SOj ). In unpolluted 
air, S occurs primarily in three compounds, S 04 in 
aerosol and S 02 and H2S gases. Hydrogen sulfide in the 
air normally is oxidized to S 02, which in turn, is oxi­
dized to S 03. Sulfur trioxide dissolves in water droplets 
to form H2S04, which may react further to form sulfate 
salts, such as (NH4)2S 04. Both the H2S 04 and sulfate 
salts thus formed exist in air as an aerosol and are 
removed by precipitation and, to a lesser extent, by 
gravitational settling. It is estimated that a given 
volume of S 02 that enters the air will be removed by 
these mechanisms, as acid or salt, in a time ranging 
from 5 days to 2 weeks (Erickson, 1963).
There are several sources for atmospheric S, includ­
ing sea spray, H2S and volatile sulfides released from 
marshlands and sea, and S 02 released by burning S- 
containing fuels (Coleman, 1966; Erickson, 1963). 
Junge’s (1960) work on the S budget of the global 
atmosphere indicates that, excluding the S 04 in sea 
salt particles, 30% of the atmospheric S is of anthro­
pogenic origin. Other estimates indicate that the S 
released from spray and S-containing fuels accounts for 
about 12 and 11%, respectively, and that the other 77% 
is released as H2S from marshlands and sea (Erickson, 
1963). Hoeft et al. (1972) have shown that atmospheric 
S 02 levels in both rural and urban locations in Wiscon­
sin tend to be seasonal, low in summer and increased 
markedly in winter. They attributed this to the burn­
ing of S-containing fuels in winter and slow release of S 
from soil and biological reactions during this time. A 
similar observation has been reported for SO  ^ levels 
in preciptation over Iowa (Tabatabai and Laflen, 1976).
It is well known that high concentrations of S 0 2 in 
air are harmful to plants and animals, including man. 
These harmful effects, however, are emphasized much
more often than are the beneficial effects of moderate or 
low concentrations on crops. In many areas, precipita­
tion adds small amounts of N and S compared with 
those required by agricultural and forested ecosystems. 
Within the past several years, many sampling stations, 
especially in the North Central Region, were estab­
lished to collect and analyze precipitation samples for 
plant nutrients and, in some instances, for pH. The 
objective of this regional publication is to pool all the 
data available in the North Central Region on concen­
trations and amounts of nutrients in precipitation in 
this region. The results available are compared with 
the amounts of nutrients required by crops, the annual 
addition by fertilizers to agricultural land, and the 
annual amounts of pollutants emitted from point (as of 
October 1979) and nonpoint (as of June 1979) sources in 
the states of the study region.
The data summarized in this publication were con­
tributed from studies in Indiana by D. W. Nelson, in 
Iowa by R. E. Burwell and M. A. Tabatabai, in Michi­
gan by B. G. Ellis, in Minnesota by G. W. Randall, D. R. 
Timmons, and E. S. Verry, in Nebraska by R. A. Olson, 
in Ohio by F. Haghiri and T. J. Logan, in South Dakota 
by E. M. White, and in Wisconsin by D. R. Kenney.
PROCEDURES
The NC-98 committee developed a standard report­
ing form for summarizing the data available on nu­
trients in precipitation from each site in the region. 
Copies of the form were submitted to each state repre­
sentative. Data were received from Indiana, Iowa, 
Michigan, Minnesota, Nebraska, Ohio, South Dakota, 
and Wisconsin. Information on the analytical proce­
dures used was submitted with the data. Ammonium-N 
and nitrate-N were determined by steam distillation or
Figure 1. Location of precipitation study sites in the North Central Region.
an autoanalyzer, phosphate-P by the colorimetric 
method of Murphy and Riley (1962), sulfate-S by a 
turbidimetric procedure or by the methylene blue 
method of Johnson and Nishita (1952), potassium and 
sodium by flame photometry, and calcium and magne­
sium by atomic absorption spectrophotometry. These 
analyses were performed on particle-free precipitation 
samples. The major sites included in this report are 
shown in Fig. 1.
The data on emission of particulates, SOx, NOx, 
hydrocarbons, and carbon monoxide from various 
sources in each state of the study region were obtained 
from the National Emission Data System (NEDS) data
Table 1. Nitrogen and sulfur content of various crops3
Crop Yield/Acre
Nitrogen
(lb/acre)
Sulfur
(lb/acre)
Corn 200 bu 320 44
Grain sorghum 8,000 lbs 260 38
Wheat 80 bu 150 22
Oats 100 bu 100 20
Rice 145 bu (6,500 lbs) 135 18
Soybeans 50 bu 185 10
Peanuts 3,000 lbs 220 25
Cotton 2.5 bale 125 23
Tobacco 2,800 lbs 95 21
Alfalfa 6 tons 335 30
Clovers 4 tons 160 18
Grasses 4 tons 120 16
Potatoes 400 bu 200 18
Cabbage 20 tons 130 37
Turnip 25 tons 114 38
Onions 20 tons 120 25
aBixby and Beaton (1970).
bank in November 1979. The methods employed in 
calculation of the emission data for NEDS is described 
in the National Emission report (1976).
RESULTS AND DISCUSSION
The data summarized were those available for pre­
cipitation in Iowa, Illinois, Michigan, Minnesota, Neb­
raska, Ohio, South Dakota, and Wisconsin. For com­
parison of contribution of N and S in precipitation to 
requirements of crops for these elements, N and S con­
tents of various crops produced in this region are 
summarized in Table 1. Plant nutrient (N, P, and K) 
consumption in this region during 1978 is summarized 
in Table 2. Data on emission of particulates, SOx, NOx, 
hydrocarbon, and CO from various point and nonpoint 
sources in the 12 states in the region also are summa­
rized. For convenience, the results reported will be dis­
cussed under the subheadings, pH of precipitation, each 
of N, S, and P in precipitation, and emission of particu­
lates and gaseous pollutants.
pH of precipitation
Normal water in the atmosphere in equilibrium 
with C 02 will have a pH of 5.7 (Barrett and Brodin, 
1955), and this pH value is considered as the neutral 
point for atmospheric water. Limited information is 
available on pH of precipitation in the North Central 
Region. The pH values of precipitation in Iowa during 
1971-1973 are summarized in Table 3. These results
Table 2. Annual plant nutrient consumption in the North Central Region (1978)
a
State
Corn Soybean Wheat
Total
area N P K
Total
area N P K
Total
area N P K
1 ,—kg/ha kg/ha— kg/ha
Illinois 4.05 152 39 84 3.73 1 4 15 0.38 58 26 33
Indiana 2.39 145 36 87 1.66 5 11 30 0.30 55 24 42
Iowa 4.90 - 136 27 56 3.04 1 2 5 — — — —
Kansas 0.61 127 11 13 0.58 3 1 2 4.17 36 4 1
Michigan 0.87 122 34 78 0.17 56 24 45
Minnesota 2.47 94 22 53 1.62 2 2 5 1.12 74 18 20
Missouri 0.89 131 45 58 2.23 5 6 18 0.34 57 17 38
Nebraska 2.55 154 12 7 0.51 2 3 1 1.05 22 2 —
North Dakota — 3.77 21 7 1
Ohio 1.45 147 40 80 1.51 6 8 19 0.46 49 26 47
South Dakota 1.01 36 7 5 1.24 6 2 —
Wisconsin 1.01 102 34 80
a
From Hargett and Berry (1978).
Table 3. Means of pH values of precipitation samples collected in Iowa.
Ames Boone Charles City Creston Eldora Guthrie Center
Year Na pHb N PH N PH N PH N PH N PH
1971 15 6.1 + 0.3 12 6.2 + 0.1 11 5.9 + 0.4 12 6.2 + 0.4 10 6.3 + 0.2 8 5.9 + 0.5
1972 31 6.2 + 0.8 33 6.3 + 0.6 31 6.2 + 0.5 36 6.2 + 0.5 21 6.5 + 0.3 33 6.2 + 0.5
1973 26 6.0 + 0.6 26 5.9 + 0.7 28 6.1 + 0.6 20 6.5 + 0.3 18 6.3 + 0.4 25 5.8 + 0.8
aN number of samples analyzed.
^Mean + standard deviation.
Source: Tabatabai and Laflen (1976). ^
Table 4. Comparison of pH values of precipitation in Iowa, Illinois, Michigan, 
Minnesota, Nebraska', and Ohio during 1979.
State Site
No. of 
samples
Range
pH values3 
Average Standard
deviation
Iowa Agronomy Farm 21 5.4-7.0 6.24 0.50
Ames 31 4.6-6.7 6.00 0.49
Atlantic 23 5.5-7.0 6.33 0.40
Fairfax 17 6.3-7.2 6.78 0.31
Sigourney 23 4,0-6.8 6.29 0.58
Storm Lake 23 4.2-7.1 6.11 0.64
Tripoli 25 5.2-7.1 6.35 0.48
Illinois Bondville 26 3,9-4.9 4.29 0.19
Dixon Springs 29 3.8-6.5 4.43 0.51
Michigan Wellston 26 3.8-6.8 4.54 0.71
Minnesota Lamberton 32 4.0-7.4 6.12 0.73
Marcell 38 4.2-6.8 5.22 0.61
Nebraska Mead 28 4.4-7.0 5.99 0.75
Ohio Caldwell 35 3.7-5.9 4.23 0.43
Delaware 39 3.9-6.0 4.32 0.40
Wooster 37 3.6-6.5 4.40 0.65
aPrecipitation in Iowa was collected on an event basis. All others were collected 
on a weekly basis. With the exception of the pH values for Iowa precipitation 
that were measured at Iowa State University, the pH values were summarized from 
the National Atmospheric Deposition Program data report Vol. II, Nos. 1 and 2 
(1979), Natural Resource Ecology Laboratory, Colorado State Univ., Fort Collins, 
Colorado.
indicate that, although pH values as low as 4 have been 
measured for precipitation in Iowa, generally, the aver­
age pH values for six sites in Iowa is >  6.0. Analysis of 
the data indicates that no seasonal variation in pH 
values was observed (Tabatabai and Laflen, 1976). 
Comparison of the pH values available during 1979 for 
precipitation in Iowa, Illinois, Michigan, Minnesota, 
Nebraska, and Ohio is shown in Table 4. Generally, the 
average pH values of precipitation in Iowa, Nebraska, 
and one site (Lamberton) in Minnesota are about 6, and 
those of Illinois, Michigan, one site (Marcell) in Minne­
sota, and Ohio were between 4 and 5. The pH values of 
precipitation in this region are markedly different from 
those reported for samples from the northeastern 
United States and Sweden where pH values as low as 2 
and 3 were measured (Likens and Bormann, 1974). 
With the exception of precipitation in one site (Bondvil- 
le) in Illinois (Table 4), no consistently low pH values 
were found for precipitation in this region. It seems that 
S04- S  in precipitation in the North Central Region 
exists as un-ionized particulate S 042 or ionized forms 
neutralized by equivalent amounts of bases (e.g., 
(NH4)2S 04). The data available from an extensive 
monitoring program in Iowa show that the occasional 
low pH values are not associated with high concentra­
tions of S04 — S and N 03 — N. Data reported by Likens 
and Bormann (1974) for S 04- S  concentration of rain 
and snow in New York indicate that present-day pre­
cipitation contains about 709?- less S than precipitation 
preceding 1950, but it has lower pH values. From the 
results obtained for concentrations of S 04 -  S and pH of 
precipitation in the North Central Region (Tables 3 and 
4) and those reported by Likens and Bormann (1974) for 
samples in the State of New York, it seems that a factor 
other than S 04 — S is responsible for low pH values of 
some precipitation samples or that sufficient cations 
(e.g., NH4 +) are not present in precipitation where acid 
rain is found.
The acidity of rain should not have a significant 
effect on the pH of agricultural soils because of the 
strong buffering capacity of soils relative to that of 
precipitation and because the acidity produced from 
nitrification of NH4 -  forming fertilizers and other pro­
cesses in soils markedly exceeds the acidity from pre­
cipitation. Recently, McFee and Kelly (1977) discussed 
the degree of pH shift in a typical midwestern soil (CEC 
= 20 meq/100 g soil) and concluded that, if the pH of 
precipitation were 4.0 and the annual input were 100 
cm (40 in.), the reduction in soil base saturation in the 
plow layer (20 cm) due to acid precipitation could be 
19% in 100 years. This would result in a decrease of pH 
by a 0.6 unit. This decrease in pH would occur only if 
there are no concurrent inputs of basic cations and if the 
exchange of H + was complete. But it is well known that 
there is input of basic ions, such as Ca2 + and Mg2 +. The 
acidifying effect of the H + ions in precipitation is les­
sened by accompanying neutral salts (Wiklander, 
1975). On uncultivated, unfertilized soils that have low 
CEC, acidity in precipitation may affect the pH more 
than that described, but no such change in pH is ex­
pected in many years. The acidity of precipitation such 
as that found for rainfall in the North Central Region
(Table 4) should have little or no eff ect on soil biological 
processes.
The effect of H + of precipitation on soils cannot be 
assessed because precipitation contains NH4 +, and 
these ions have acidifying potential of a similar magni­
tude to direct H + inputs common in rainfall (Reuss,. 
1976). Therefore, the amount of acidity produced in 
soils, especially agricultural soils, by precipitation is 
insignificant in relation to the acidity produced by 
other causes.
Nitrogen in precipitation
Various crops require different amounts of N for 
optimum yield. Table 1 shows the amounts of N and S 
required for production of crops grown in the North 
Central Region. Plant nutrient (NPK) consumption in 
the states in this region during 1978 for production of 
com, soybeans, and wheat is summarized in Table 2. 
Although N application varies among the states in this 
region, the amounts applied and those present in soils 
greatly exceed N input by precipitation. The informa­
tion available on concentration and deposition of N in 
precipitation is summarized for Indiana (Tables 5-8), 
Iowa (Tables 9-12), Michigan (Tables 13-17), Minneso­
ta (Tables 18-23), Nebraska (Tables 24-29), Ohio 
(Tables 30 and 31), South Dakota (Table 32), and Wis­
consin (Tables 33-34). Although most of the informa­
tion about N in precipitation is concerned with inor­
ganic N (NH4+ and N 03_ ), the data from Indiana 
(Tables 5-8) and Wisconsin (Table 34) indicate that the 
concentration of organic N in precipitation often is 
similar to those of NH4 — N and N 03 -  N.
The inorganic N added by precipitation varied 
among the sites even within individual states. For ex­
ample, Table 10 shows that the amount of NH4 — N and 
N 03 -  N added annually by precipitation at six sites in 
Iowa ranged from 9.8 kg/ha in Eldora to 14.3 kg/ha in 
Guthrie Center. Similar, but more striking, differences 
are observed for inorganic N deposition in four loca­
tions in Minnesota (Table 19), where the annual deposi­
tion of inorganic N in Morris is about half that in 
Lamberton. Generally, however, the amount of inorga­
nic N added by precipitation is small compared with 
that mineralized from soil organic matter and that 
added as fertilizer. The data indicate that precipitation 
adds from 5 to 15 kg N/ha per year in this region, which 
is about 5 to 10% of the N added as fertilizer for com 
production in the North Central Region. This amount 
of N, however, would be significant for crops that re­
ceive little or no N fertilizers.
Although the concentrations of NH4 — N and 
N 03 — N did not show temporal variations, generally, 
equal amounts of NH4 —N and N O a N  are added by 
precipitation in Iowa (Table 10). More NH4 —N than 
N 03 -  N is accumulated in Minnesota (Table 18) and 
Nebraska (Table 24). The results available for Iowa 
indicate that between 70 and 82% of the inorganic N is 
deposited during spring and summer (Tabatabai and 
Laflen, 1976). The overall average annual addition of 
inorganic N by precipitation in Iowa (13 kg/ha) is simi-
(text continues on page 136)
Table 5. Nitrogen and phosphorus in precipitation in Black Creek, Indiana (Site 1).
Suspended
solids
Nitrogen Phosphorus
Period Precipitation3
+
NH,4
n o 3 S0b SBC P043" S0b SBC
cm mg/1 mg/ x Mg/ J-
1974
June 7.98(3) 9.50 0.99 1.15 0 0 44 19 24
Nov. 8.73(1) 0 0.54 0.54 0 0 10 0 0
1975
April 8.35(3) 106 0.42 0.65 0.32 0.18 11 19 434
May 16.86(5) 205 0.54 1.31 1.14 0.22 21 68 108
June 18.01(7) 37.9 0.27 0.60 0.13 0.09 11 61 192
July 5.54(2) 26.0 0.15 0.35 0 0.39 16 47 8
Aug. 14.68(3) 31.3 0.17 0.77 0 0.29 9 35 40
Sept. 6.74(2) 120 0.27 / 0.64 0 0.69 22 35 85
Oct. 4.55(2) 371 0.17 1.55 0.15 0.45 13 85 62
Nov. 7.12(2) 87.5 0.15 0.91 0.10 0.39 8 0 1,133
1976
April 5.74(1) 5.60 0.31 0.58 0.58 0 32 0 0
May 7.45(3) 117 0,42 1.21 0.63 0.21 29 72 10
June 7.36(3) 79 0.47 1.28 0.17 0.41 31 95 47
July 7.71(3) 135 0.19 0.73 0.52 0.55 11 111 80
Aug. 3.86(2) 185 0.28 0.81 0.24 0.16 8 94 103
Sept. 6.50(1) 0.21 2.41 3.88 0 2.59 1,080 0 1,104
3 Figure in parentheses indicates number of samples analyzed (sampled on event basis).
SO, soluble organic, 
c
SB, sediment bound.
Table 6. Statistical analysis of nitrogen and phosphorus in precipitation in Black Creek, 
Indiana (Site 1).
Parameter a
Suspended
solids
Nitrogen in form specified^ Phosphorus in form specifiedb
4*
NH,
4
NO SO SB P043" SO SB
mg/1 g/1 Mg/ J-
June and Nov. (1974)
Maximum 15.0 1.27 1.27 0 0 94 29 24
Minimum 4.0 0.54 0.54 0 0 10 9 24
Median 9.50 0.85 1.09 0 0 19 19 24
Mean 9.50 0.88 1.00 0 0 36 19 24
SD 7.78 0.30 0.32 0 0 39 14 0
No. of samples = 4
April - Nov. (1975)
Maximum 550 1.13 3.36 1.73 1.18 29 l.,037 1,186
Minimum 4.0 0.05 0.35 0 0 3 .5 0
Median 51.5 0.25 0.61 0.08 0.20 13 47 61
Mean 116 0.30 0.84 0.29 0.26 14 209 249
SD 143 0.22 0.66 0.44 0.28 8 369 422
No. of samples = 26
April - Sept. (1976)
Maximum 317 2.41 3.88 1.26 2.59 1,080 135 1,104
Minimum 0.21 0.16 0.21 0 0 0 0 0
Median 53.0 0.31 1.05 0.41 0.29 27 76 45
Mean 105 0.50 1.21 0.39 0.49 103 85 145
SD 108 0.60 0.94 0.37 0.72 294 40 323
No. of samples = 13
aSD, standard deviation.
bS0, soluble organic; SB, sediment bound.
Table 7. Nitrogen and phosphorus in precipitation in Black Creek, Indiana (Site 2).
Suspended 
a solids
Nitrogen in form specified^ Phosphorus in form '*4 jbspecified
Period Precipitation NH.4 NO ~ SO SB P043" SO SB
cm mg/1 mg/1 yg/i
1974
June 7.70(2) 31.0 0.67 0.90 0 0 40 40 23
Nov. 8.00(1) 38.0 1.63 0.72 0 0 48 28 0
1975
April 8.37(2) 14.0 0.55 1.02 0.24 0.23 14 . 1,004 1,108
May 15.28(6) 76.0 0.71 1.36 1.19 0.17 36 58 164
June 17.27(8) 27.4 0.44 0.73 0.17 0.62 21 85 756
July 5.56(2) 44.0 0.44 1.28 0.50 1.18 63 39 54
Aug. 16.57(3) 29.3 0.23 0.85 . 0 0.51 60 39 54
Sept. 7.53(2) 5.0 0.32 0.52 0 0.66 9 35 8
Oct. 5.00(1) 55.0 0.35 1.48 0 0.45 0 0 0
Nov. 7.31(2) 74.5 0.25 0.84 0.04 0.15 1 0 1,156
1976 
- April 7.01(1) 8.0 0.79 1.09 0.24 0.15 0 56 68
May 6.24(3) 97.0 0.77 2.01 0.33 0.08 28 99 0
June 6.43(3) 23.5 0.39 0.78 0.18 0.71 49 86 14
July 8.07(3) 42.3 0.35 0.51 0.79 0.86 83 151 90
Aug. 3.68(2) 68.5 0.44 0.81 0 0.68 43 139 84
Sept. 6.27(1) 394 0.37 2.25 0 2.83 63 46 383
figure in parentheses indicates number of samples analyzed (sampled on event basis).
SO, soluble organic; SB, sediment bound.
Table 8. Statistical analysis of nitrogen and phosphorus in precipitation in Black Creek, 
Indiana (Site 2).
Suspended
solids
b
Nitrogen in form specified Phosphorus in form specified'3
Parameter3 NH. NO ” SO SB 
4 3
■SO SB
mg/1 ------------- mg/1 -------------- ------------ yg/1
June and Nov. (1974)
Maximum 38.0 1.63 1.27 0 0 48 68 23
Minimum 31.0 0.54 0.54 0 0 32 13 0
Median 34.5 0.99 0.84 0 0 43 36 11
Mean 34.5 0.81 0.72 0 0 48 28 11
SD 4.55 0.57 0.38 0 0 9 28 ‘ 16
No. of samples = 3
April - Nov. (1975)
Maximum 258 1.42 4.56 1.52 2.13 107 1,048 1,186
Minimum 2.0 0.05 0.31 0 0 1 11 0
Median 43.2 0.45 0.97 0.36 0.49 30 227 420
Mean 20.0 0.38 0.68 0.09 0.38 17 46 92
SD 53.8 0.30 0.90 0.49 0.51 30 385 511
No. of samples = 26
April - Sept. (1976)
Maximum 395 1.31 3.46 0.99 2.83 129 190 383
Minimum 2.0 0.26 0.16 0 0 0 46 0
Median 83.7 0.51 1.17 0.33 0.78 49 107 83
Mean 46.0 0.42 1.05 0.30 0.65 30 89 51
SD 116 0.30 0.89 0.35 0.83 39 50 115
No. of samples = 13
SD, standard deviation 
b
SO, soluble organic; SB, sediment bound
Table 9. Average monthly addition by precipitation of ammonium N, nitrate-N, and sulfate-S at six sites in 
Iowa.
Month
Site Nutrient Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Average
, /,
kg/ha/monthkg/ha
Ames n h4-n 0.4 0.1 0.6 0.7 0.7 0.5 0.7 0.5 0.6 0.6 0.5 0.1 0.5
NO3-N 0.2 0.1 0.6 0.6 0.7 0.6 1.0 0.6 0.7 0.7 0.5 0.1 0.5
so4-s 0.7 0.8 2.0 2.2 2.0 1.4 1.8 1.4 1.1 1.7 1.2 0.2 1.4
Boone n h4-n 0.1 0.4 0.5 0.5 1.0 0.4 0.6 0.6 0.6 0.4 0.3 0.2 0.5
N0--N 0.1 0.2 0.8 0.5 1.1 0.8 0.9 0.6 0.6 0.6 0.6 0.1 0.6
so4-s 0.8 0.6 2.1 1.7 2.0 1.1 1.3 1.3 0.9 1.5 1.6 0.3 1.3
Charles City n h4-n 0.1 0.1 1.3 0.7 0.8 1.0 0.8 0.3 0.7 0.7 0.1 0.3 0.6
N03-N 0.1 0.1 0.5 0.7 0.5 0.6 0.6 0.3 0.7 0.7 0.4 0.2 0.5
so4-s 0.3 0.4 2.2 1.5 1.2 0.8 1.3 0.7 1.8 1.5 0.8 0.7 1.1
Creston n h 4-n — 0.8 0.3 0.6 1.0 0.5 1.1 0.6 0.9 0.5 0.2 __ 0.7
N03-N — 0.7 0.2 1.0 0.7 0.4 0.5 0.5 0.8 0.5 0.5 — 0.6
so4-s — 1.2 1.5 3.1 1.8 0.5 1.5 2.1 1.6 1.7 1.7 — 1.7
Eldora n h4-n — __ __ 0.5 1.1 1.0 0.5 0.3 0.6 0.5 0.1 __ 0.6
N03-N — — — 0.5 0.9 0.7 0.5 0.5 0.4 0.5 0.1 — a. 5
so4-s — — — 3.1 2.1 1.9 1.5 2.2 0.9 1.6 1.4 — 1.8
Guthrie Center n o4-n 0.1 0.1 1.0 0.8 0.9 1.0 0.8 0.4 0.5 0.4 0.8 _ 0.6
N03-N 0 . 1 0 . 1 0.8 0.7 0.7 1 . 0 0.8 0.5 0 . 1 0.7 1.1 — 0.6
so4-s 0.6 0.6 2.2 2.6 1.4 1.6 1.9 1.2 0.8 1.2 1.7 — 1.4
aSeptember 1971 - December 1973.
Table 10. Amounts of ammonium-N, nitrate-N, and sulfate-S 
added annually by precipitation at six sites in 
Iowa.
Site NH.-N4
N03-N so,-s4
, ,____a
Ames 6.0 6.0 16.8
Boone 6.0 7.2 15.6
Charles City 7.2 6.0 13.2
Creston 6.7 6.0 16.7
Eldora 5.0 4.8 17.3
Guthrie Center 7.1 7.2 16.1
Average 6.3 6.2 16.0
^ h e  values obtained for Creston, Eldora, and Guthrie Center 
were calculated from average annual nutrient concentration 
and percentage of the annual precipitation received during 
sampling period.
Source: Tabatabai and Laflen (1976).
Table IL Ammonium- and nitrate-N in precipitation in Treynor, Iowa (Site 1).
Amt. of No. of Precip. NH,4-N NOS'"
Month Year precip. events a sampled Range Mean Total Range Mean Total
Jan. 1971
cm
1.35 2(0)
cm
0
mg/1 — kg/ha mg/1 kg/ha
1972 0.40 2(0) 0 — — — — — —
1973 3.48 6(6) 3.48 0.14-1.25 0.48 0.17 0.19-0.40 0.32 0.11
Feb. 1971 2.97 6(0) 0 _ _ _ _ _ __
1972 0.69 3(0) 0 — — — — — —
1973 2. 72 3(2) 2.05 0.44-1.26 0.55 0.15 0.65-0.97 0.65 0.18
March 1971 0.76 5(0) 0 __ _ __ _ _
1972 1.42 7(1) 4.1 — — — — — —
1973 13.7 12(11) 13.6 0.22-1.91 0.49 0.66 0.27-0.64 0.40 0.54
April 1971 2.18 4(1) 0.93 — 0.37 0.08 __ 0.10 0.02
1972 12.3 9(8) 11.2 0.12-0.60 0.26 0.33 0.15-1.21 0.43 0.53
1973 9.53 10(6) 7.80 0.22-1.38 0.79 0.75 0.05-0.75 0.27 0.26
May 1971 22.5 13(5) 19.6 0.23-1.00 0.60 1.34 0.18-0.94 0.55 1.22
1972 14.6 11(8) 12.3 0.14-0.83 0.55 0.80 0.18-0.90 0.47 0.68
1973 12.8 10(6) 11.2 0.36-2.62 0.64 0.82 0.11-1.11 0.23 0.29
June 1971 10.5 8(2) 6.78 0.19-0.55 0.29 0.30 0.11-0.39 0.19 0.20
1972 2.51 5(3) 1.60 0.13-0.86 0.49 0.12 0.32-0.36 0.36 0.09
1973 4.0 6(4) 3.53 0.25-1.68 1.11 0.44 0.16-0.89 0.51 0.20
July 1971 4.56 6(2) 3.48 0.19-0.44 0.30 0.13 0.38-0.61 0.51 0.24
1972 12.0 12(6) 9.67 0.11-0.64 0.20 0.24 0.21-1.21 0.29 0.35
1973 15.1 9(8) 14.9 0.26-0.99 0.51 0.76 0.47-1.57 0.97 1.47
Aug. 1971 3.12 5(2) 1.85 — 0.55 0.17 0.47-1.03 0.74 0.24
1972 4.08 9(3) 2.90 0.50-0.68 0.60 0.25 Ô.35-0.94 0.49 0.20
1973 8.41 5(4) 8.26 0.39-7.16 0.79 0.66 0.53-0.76 0.54 0.46
Sept. 1971 1.17 5(0) 0 — _ _ _ _ _
1972 17.7 12(11) 16.9 0.13-0.83 0.43 0.76 0.13-0.77 0.31 0.55
1973 20.7 15(13) 20.5 0.20-2.26 0.80 1.66 0.12-1.47 0.42 0.87
Oct. 1971 12.1 9(3) 8.36 0.19-0.33 0.23 0.28 0.05-0.19 0.12 0.16
1972 10.2 7(6) 10.1 0.10-0.54 0.18 0.18 0.09-0.60 0.11 0.11
1973 7.54 3(3) 7.54 0.28-1.38 0.33 0.25 0.16-0.63 0.18 0.13
Nov. 1971 10.2 7(4) 9.30 0.13-0.41 0.25 0.26 0.15-0.42 0.16 0.17
1972 6.60 7(7) 6.60 0.08-1.04 0.61 0.40 0.31-0.56 0.46 0.30
1973 3.38 5(4) 3.33 0.07-2.14 0.30 0.10 0.55-9.66 2.73 0.92
Dec. 1971 2.36 6(1) 1.47 — 0.36 0.09 __ 0.39 0.09
1972 3.68 5(5) 3.68 0.31-0.44 0.30 0.11 0.25-0.40 0.33 0.12
1973 4.67 6(6) 4.67 0.37-2.14 0.98 0.46 0.47-9.66 4.03 1.88
Total 1971 73.8 76(20) 51.8 0.13-1.00 0.39 2.71 0.05-1.03 0.34 2.37
1972 86.2 - 89(58) 75.4 0.08-0.83 0.38 3.27 0.09-1.21 0.35 3.04
1973 106.0 90(73) 100.9 0.07-7.16 0.65 6.87 0.05-9.66 0.69 7.32
aFigure in parentheses is number of samples analyzed.
Table 12. Ammonium- and nitrate-N in precipitation in Treynor, Iowa (Site 2).
Month Year
Amt. of 
precip.
No. of 
events a
Precip.
sampled
NH,4
-H NO.-N
Range Mean Total Range Mean Total
cm cm mg/1 kg/ha mg/1 kg/ha
Jan. 1971 1.35 2(0) 0 — — — — — —
1972 0.41 2(0) 0 — — — —
1973 3.48 6(6) 3.48 0.21-0.62 0.32 0.11 0.20-1.61 0.61 0.21
Feb. 1971 2.97 6(0) 0 — — — — — —
1972 0.69 3(0) 0 — — — —
1973 2.82 4(2) 2.06 0.45-1.32 0.55 0.16 0.53-0.72 0.60 0.17
March 1971 0.76 5(0) 0 — — — — — —
1972 1.42 7(0) 0 — — — —
1973 13.67 12(11) 13.6 0.28-1.41 0.46 0.63 0.32-0.92 0.41 0.56
April 1971 2.08 4(1) 1.04 — 0.37 0.08 — 0.10 0.02
1972 12.1 9(8) 10.9 0.24-1.04 0.40 0.48 0.14-1.05 0.35 0.43
1973 8.99 10(6) 7.24 0.44-1.43 1.05 0.94 0.24-0.55 0.45 0.40
May 1971 22.2 13(5) 19.1 0.40-0.90 0.62 1.38 0.24-1.10 0.46 1.03
1972 14.5 11(8) 13.5 0.19-0.77 0.57 0.83 0.20-1.02 0.52 0.75
1973 3.2.5 10(7) 11.4 0.56-2.13 0.77 0.96 0.32-0.53 0.34 0.43
June 1971 10.36 8(2) 6.50 0.27-0.40 0.31 0.31 0.10-0.82 0.30 0.31
1972 2.44 5(3) 1.65 0.20-0.50 0.32 0.08 0.37-0.74 0.37 0.09
1973 3.78 6(3) 2.90 0.24-0.60 0.46 0.18 0.15-0.57 0.43 0.16
July 1971 4.29 6(2) 3.32 0.27-0.27 0.27 0.11 0.11-0.39 0.22 0.10
1972 11.6 12(7) 9.55 0.12-0.73 0.21 0.25 0.17-1.34 0.34 0.39
1973 14.8 9(6) 13.7 1.73-2.35 1.99 2.95 0.76-1.57 1.22 1.80
Aug. 1971 3.68 5(2) 2.24 0.55-0.55 0.55 0.20 0.47-0.70 0.56 0.20
1972 4.19 9(5) 3.02 0.41-0.78 0.59 0.25 0.38-1.17 0.54 0.22
1973 7.92 5(3) 6.43 0.53-0.55 0.54 0.43. 0.38-0.75 0.42 0.34
Sept. 1971 1.30 5(0) 0 — — — — — —
1972 18.6 12(8) 17.8 0.20-0.77 0.37 0.70 0.16-0.72 0.31 0.58
1973 20.8 15(13) 20.7 0.28-1.08 1.77 1.60 0.28-0.76 0.35 0.72
1971 12.5 9(3) 8.64 0.19-0.24 0.22 0.28 0.05-0.30 0.16 0.20
1972 10.2 7(3) 9.09 0.19-0.30 0.22 0.22 0.17-0.21 0.13 0.13
1973 7.72 3(3) 7.72 0.20-0.90 0.22 0.17 0.15-0.60 0.17 0.13
Nov. 1971 10.3 7(4) 9.45 0.05-0.28 0.21 0.21 0.10-0.26 0.17 0.17
1972 6.60 7(7) 6.60 0.16-1.32 0.39 0.26 0.23-0.63 0.44 0.29
1973 3.38 5(4) 3.33 0.57-1.10 0.64 0.21 0.46-6.02 2.39 0.81
Dec. 1971 2.36 6(1) 1.47 — 0.36 0.09 — 0.39 0.09
1972 3.68 5(5) 3.68 0.08-0.79 0.30 0.11 0.23-0.67 0.46 0.17
1973 4.67 6(6) 4.67 0.29-1.10 0.60 0.28 0.71-6.02 2.88 1.35
Total 1971 74.1 76(20) 51.8 0.05-0.90 0.39 2.71 0.05-1.10
0.32 2.17
1972 86.5 89(54) 75.9 0.08-1.32 0.38 3.26 0.14-1.34 0.36 3.15
1973 104.6 91(70) 97.1 0.20-2.35 0.82 8.62 0.15-6.02 0.68 7.07
aFigure in parentheses is number of samples analyzed.
Table 13. Monthly contribution of total phosphorus, inorganic 
nitrogen, and organic nitrogen from precipitation to 
Houghton Lake, Roscommon County, Michigan, during 1972.a
Month Total P Inorganic N Organic N
Jan«
g/ha/month 
0.555 0.060
- kg/ha/month -----------
0.045
Feb. 0.555 0.097 0.067
March 2.465 0.193 0.134
Apr. 6.767 0.240 0.168
May 43.42 0.347 0.241
June 14.72 0.431 0.302
July 14.83 0.508 0.353
Aug. 45.61 1.080 0.756
Sept. 25.13 0.557 0.392
Oct. 22.33 0.495 0.347
Nov. 5.263 0.188 0.129
Dec. 2.576 0.268 0.190
Total 184.2 4.464 3.124
a
Surface area of lake « 31.3 square miles (8,113 hectares).
Source: Pecor et al (1973)
Table 14. Average daily nutrient concentrations in precipitation collected at two 
stations near Houghton Lake, Roscommon County, Michigan during 1972.
Date
Precip­
itation
Type Total P
Total 
Soluble P PO,-P4 n o2-n
n o3-n NH.-N4
Hg/-*- 6
2-9 Snow 4 _____ 1 1 0.26 0.02
2-27 » 0 0 0 îr 0.40 0.02
4-2 Rain 40 — 14 6 0.52 0.13
4-9 Snow 5 — 3 Tr 0.22 o.°2b
4-30 Rain a 17 — 7 Tr 1.06 0.29b
5-1 ft 106 — 56 Tr 0.92 0.29
5-4 ft 16 — 14 2 0.13 0.40
5-5 ft 29 — 14 1 0.24 0.27
5-8 ft 101 91 79 2 0.33 0.24
5-9 ft 14 11 11 Tr 0.36 0.17
5-10 ft 42 33 21 3 0.50 0.49
5-11 ft 35 28 27 3 0.22 0.36
5-26 ft 255 239 229 2 0.57 0.64
5-28 ft 173 159 127 2 0.45 0.23
5-29 ft 3. 150 136 101 3 0.23 0.32
6-1 ft 3 42 38 31 3 1.15 0.84
6-4 .t a 28 14 14 Tr 0.65 0.29
6-5 ft 3 42 42 21 1 0.35 0.26
6-8 tt 3 63 63 42 3 0.34 0.39
6-12 ft 3 14 14 7 3 0.35 0.19
6-27 tt 15 11 9 3 0.55 0.61
6-28 ft 11 7 1 2 0.26 0.17
6-29 tt 3 12 7 Tr 2 0.10 0.06
7-1 tt 14 14 3 18 0.18 0.80
7-2 tt 14 7 3 3 0.58 0.40
7-12 tt 56 50 45 Tr 0.19 0.29
7-26 tt 12 9 5 1 0.34 0.16
7-30 tt 14 11 7 3 0.46 0.22
7-31 tt a 11 7 7 3 0.28 0.18
8-1 it 14 14 7 1 0.36 0.34
8-2 it 14 7 7 0 0.25 0.26
8-8 tt 3 28 7 3 0 0.53 0.11
8-9 tt 26 7 9 2 0.45 0.25
8-20 tt 85 85 61 3 0.77 0.41
8-31 tt 39 39 29 1 0.58 0.52
9-6 tt 27 16 12 2 0.61 0.12
9-17 tt 15 13 9 Tr 0.21 0.07
9-18 tt 14 14 9 Tr 0.31 0.09
9-21 tta 84 84 77 3 0.69 0.51
9-26 " 23 — 13 3 0.86 0.20
Average 43 40 28 2 0.44 0.29
Precipitation occurred at only one station.
Estimated using mean NH^-H concentration for the sampling period. 
Source: Pecor et al. (1973).
Table 15. Average monthly total phosphorus and Inorganic nitrogen 
concentrations In precipitation at Houghton Lake, 
Roscommon County, Michigan,during 1972.
Month
Precipitation
Type Total P Inorganic N
mg/1 mg/1
January Snow 0.003a 0.314a
February Snow 0.002 0.353
March Snow 0.003a 0.314a
April Rain & Snow 0.021 0.744
May Rain 0.092 0.735
June Rain 0.028 0.819
July Rain 0.020 0.685
August Rain 0.034 0.806
September Rain 0.033 0.732
October Rain 0.033a 0.732b
November Rain & Snow 0.021c 0.744c
December Snow 0.003a 0.314a
Annual Average 0.027 0.608
Estimated from mean of all snow samples
b Estimated from September mean
c Estimated from April mean
Source: Pecor et al, aa73).
Table 16. Amounts of 
five sites
sulfate-S added annually by rain 
in Michigan.
water at
Sulfur added (kg/ha/yr) during the period indicated3
County 1959-60 1960-61
Kalamazoo 12.8 14.2
Ingham 13.3 14.7
Clinton 10.2 10.4
Saginaw 10.2 9.8
Antrim 8.3 9.6
Average 11.0 11.7
a1959-60 is April 1, 1959 - March 31, 1960. 
1960-61 is April 1, 1960 - March 31, 1961.
Source: Cressman and Davis (.1962),
Table 17. Concentration and deposition of some nutrients in precipitation 
in Ottawa National Forest, Michigan3, Sylvania Tract.
Average concentration_______ Average deposition
Voi. Wtd.
Parameter Rain Snow Avg. Rain Snow Annual
mg/1 kg/ha/yr
Total P 0.068 0.027 0.060 0.42 0.04 0.46
Total N 1.47 0.61 1.30 9.2 0.9 10.1
Cah — — 0.46 — —  3.6
Mgb — — 0.13 — —  1.0
so42" 3.6 1.3 3.2 22.5 1.9 24.4
-------- units —
PH 5.4 5.6 5.4 — —  —
ymhos
Conductivity
at 25°C 24 17 23
a62.5 cm of rain and 15.0 cm of snow (77.5 cm total annual precipitation).
Average of results iobtained in 1972-1975.
Table 18. Nitrogen and phosphorus in precipitation in Morris, Minnesota.
Phosphorus in
Nitrogen in precipitation______________  ____ precipitation
NH,-N NOo-NNo. of Events Precip. q 3
Period Precip. events sampled sampled Range Mean Total Range Mean Total Range Mean Total
cm cm mg/1 — kg/ha mg/1 kg/ha ---- Pg/1 — g/ha
1972
Apr. 6.6 11 5 6.2 0.42-0.68 0.51 0.35 0.10-0.28 0.21 0.16 0-6 2 0.5
May 11.2 13 10 10.9 0.70-1.97 1.37 1.70 0.42-0.74 0.64 0.71 5-148 44 90.4
June 5.6 5 5 5.6 0.81-1.02 0.92 0.47 0.32-0.53 0.42 0.19 6-140 73 11.9
July 16.0 14 5 15.0 0.46-2.74 1.09 2.06 0.21-0.60 0.38 0.63 0-65 16 35.9
Aug. 4.4 9 3 2.3 0.21-0.38 0.30 0.10 0.32-0.35 0.34 0.15 0-14 7 2.5
Sept. 1.0 5 2 0.4 — 1.9 0.18 — 0.91 0.09 — 0 0
Oct. 5.6 7 5 3.3 0.38-1.09 0.74 0.25 0.32-1.51 0.92 0.28 0-6 3 0.7
Nov. 3.6 7 1 3.3 — 0.21 0.08 — 0.38 0.13 — 12 0.4
Dec. 4.5 11 2 1.0 — 2.32 0.39 — 0.28 0.12 — 10 0.4
1973
Jan. 0.4 5 2 0.3 — 0.54 0.02 — 0.56 0.02 — 0 . 0
Feb. 1.2 4 2 1.1 — 0.21 0.02 — 0.78 0.09 — 0 0
Mar. 4.6 9 6 3.1 0.39-1.45 0.94 0.31 0.16-0.89 0.55 0.18 -6-12 9 3.5
Apr. 2.8 5 3 2.6 0.57-2.37 1.68 0.48 0.23-0.75 0.57 . 0.17 11-30 20 5.5
May 9.7 11 7 9.3 0.15-1.23 0.71 0.39 0.07-0.30 0.18 0.12 5-103 30 16.8
June 2.5 8 3 1.0 — 2.25 0.31 — 2.20 0.30 — 30 0.5
July 14.1 10 7 13.7 0.40-2.07 0.93 1.23 0.14-1.11 0.43 0.59 2-190 41 53.0
Aug. 4.5 15 10 4.0 0.55-2.37 1.27 0.48 0.12-1.31 0.63 0.22 6-35 16 3.4
Sept. 5.7 9 6 5.4 0.32-4.82 1.41 0.53 0.10-2.84 0.75 0.24 2-15 8 3.4
Oct. 4.5 4 2 4.4 0.30-0.47 0.38 0.20 0.14-0.16 0.15 0.07 — 3 1.3
Nov. 2.4 3 3 2.4 0.91-2.73 1.66 0.31 0.36-1.39 0.80 0.11 7-26 14 2.0
Dec. 1.6 11 6 1.4 0.22-0.83 0.42 0.07 0.60-1.28 0.96 0.15 18-30 22 3.6
1974
Jan. 0.1 1 1 0.1 — 1.24 <0.1 — 0.42 <.01 — 12 0
Feb. 1.7 7 6 1.7 0.17-2.19 0.64 0.12 0.15-2.40 0.64 0.12 5-18 11 1.3
Mar. 1.2 8 5 0.9 0.38-1.61 0.71 0.09 0.08-0.91 0.35 0.04 8-50 22 1.3
Table 19. Nitrogen accumulation in precipitation at four Minnesota locations during sampling periods in 1975-1978
Long Precip.
Location
term
avg.
precip. Year
Year's 
total 
precip.
No.
Sampling precip. 
period events
during
sampling
period
NH,-4-N no3-N Total N accumulation 
during sampling periodCone.a Accum. Cone .a Accum.
cm cm cm mg/1 kg/ha mg/1 kg/ha kg/ha kg/ha-cm cm. precip/kg
Waseca 76.1 1975 72.9 5/9 -11/20 31 34.2 0.98 2.13 1.08 2.47 5.60 0.16 6.3
1976 44.3 3/29-10/19 39 35.4 1.49 3.81 1.06 2.68 6.49 0.18 5.6
1977 104.5 4/1 -10/1 57 71.6 1.33 6.70 1.10 4.88 11.58 0.16 5.6
1978 78.4 4/2 -11/13 71 62.4 0.97 4.17 0.83 3.35 7.50 0.12 8.3
4-Yr Avg. 7.73
Lamberton 63.5 1975 59.3 5/7 - 9/11 17 17.2 2.07 2.33 1.71 1.58 3.91 0.22 4.5
1976 31.7 5/28- 9/26 12 15.4 2.13 3.28 2.95 2.91 6.20 0.40 2.5
1977 86.2 3/29-10/8 40 53.2 1.49 6.34 1.12 3.74 10.09 0.19 5.6
1978 51.7 4/18-11/13 38 36.4 1.59 3.70 1.54 4.39 8.09 0.22 4.5
4-Yr Avg. 7.07
Morris 60.4 1976 25.1 4/16- 8/26 12 10.6 1.51 1.01 0.84 0.58 1.59 0.15 6.7
1977 86.6 4/3 -11/9 40 58.1 0.65 3.22 0.51 2.30 5.52 0.10 10.0
1978 56.0 4/2 -11/13 47 47.8 0.89 2.50 0.60 2.22 4.72 0.10 10.0
3-Yr Avg. 3.95
Staples 68.3 1977 78.2 5/15-10/8 39 47.0 0.66 2.79 0.84 2.59 5.38 0.11 9.1
1978 43.8 4/23-11/14 32 37.1 0.50 1.66 0.43 1.37 3.03 0.08 12.5
2-Yr Avg. ' 4.20
Concentration is not adjusted for precipitation amount but is simply an average overall precipitation event. 
April through November.
Table 20. Estimated yearly nitrogen accumulation at four 
Minnesota locations during 1975-1978.
Location Year
Sampling period 
precipitation 
as a % of year's 
total
Annual N a 
accumulation
kg/ha
Waseca 1975 46.8 9.9
1976 79.9 8.1
1977 68.5 16.9
1978 79.5 9.4
Avg. 11.1
Lamberton 1975 29.1 13.5
1976 48.7 12.8
1977 61.7 16.4
1978 70.4 11.5
Avg. 13.6
Morris 1976 42.2 3.8
1977 67.1 8.2
1978 85.3 5.5
Avg. 5.8
Staples 1977 60.1. 9.0
1978 84.7 b 3.6
a
Extrapolated from data in Table 18.
April through November precipitation.
Table 21. Sulfate and pH of precipitation samples from Marcell Experimental 
Forest, Minnesota (data from NC-141 site).
Average concentration______  Average deposition
Vol. Wtd.
Parameter Rain Snow Avg. Rain Snow Annual
-------------mg/1 ---------------- -------- kg/ha/yr ----------
2 J3
SO. 2.35 1.60 2.20 14.7 2.4 17.1
4
------------- units --------------
pHC 4.6 4.1 4.5 —  —  —
------------- ymhos --------------
Conductivity
at 25°C 12 11 12 _ _ _ _  __
a 62.5 cm of rain and 15.0 cm of snow (77.5 cm total annual precipitation).
32 rain samples, 19 snow samples, 1978-79.
Table 22. Chemical composition of precipitation in
C35 rain samples, 19 snow samples, 1978-79. Cloquet Forestry Center, Minnesota.
Parameter pH Average
concentration“
Average
annual
deposition
mg/1 kg/ha/yr
Total P 0.036 0.22
Total N 0.79 4.94
K 0.54 3.38
Ca 1.67 10.44
Mg 0.23 1.44
„ b
S°4 ' 1.06 • 6.44
pHb 5.4
a10 samples during 1975, 62.5 cm of rain and 15.0 cm 
of snow (77.5 cm total precipitation).
S o ^  and pH data are from 25 samples in 1977 at the 
same site as the 1975 data.
Table 23. Chemical composition of precipitation in Marcell Experimental 
Forest, Minnesota .
Average concentration Average deposition
Vol. Wtd
Parameter Rain Snow Avg. Rain Snow Annual
mg/ 1 --------- -------kg/ha/yr
Total P 0.059 0,.063 0,.060 0.39 0.10 0.49
Sol. I> 0,.010 0,.006 0.009 0,.06 0.01 0.07
Total N 0.72 0,.36 0,.65 4..52 0.55 5..07
NH,-N4 0,.40 0.18 0,.36 2.48 0.27 2.,75
N03-N 0,.28 0,.35 0.29 1.72 0.53 2.,25
K 0,.16 0,.04 0.14 0.99 0.06 1.,05
Na 0.15 0.12 0.14 0,92 0.17 1.09
Ca 0.48 0,.33 0,.45 2.98 0.50 3.,48
Mg 0,.10 0,.07 0,.09 0.60 0.10 0.70
a 62.5 cm of rain and 15..0 cm of snow (77.,5 cm average total annual precipitation)
k 6 snow samples and 45 rain samples during 1971, 1972, and 1973.128
Table 24. Chemical composition of precipitation in Nebraska.
Annual No. of Avg. yearly concentration and deposition
Location precip. samples9 NH.-N4 NO3-N P0,-P4 SO.-S4
cm
Northeast
Concord 58 24 2.35(13.7) 1.00(5.8) 0.20(1.2) —
Pierce 58 8 — — — —  (4.6)
Northcentral
Valentine 46 8 — — — —  (4.6)
Halsey 46 8 — — — --(7.3)
Southcentral
Clay Center 58 9 0.84(4.9) 0.61(3.6) 0.10(0.6) —
Red Cloud 58 8 —  ' ■ — — --(6.1)
Southwest
North Platte 46 19 0.95(4.4) 0.71(3.3) 0.03(0.1)
Southeast
Lincoln 69 8 — ___ ___ —  (9.2)
Auburn 76 8 — — — --(13.1)
Western
Scotts Bluff 41 14 0.96(3.9) 0.44(1.8) 0.10(0.4) —
Alliance 41 8 — — — --(5.7)
East
Mead 30 26 1.16(8.0) 0.76(5.2) 0.05(0.4)
Rainfall was collected continuously; submitted for analysis monthly during 1970-72 for N and 
P; SO.-S = analysis quarterly on samples collected during 1959-60.
^Figures in parentheses = kg/ha/year.
Table 25. Nitrogen and phosphorus in precipitation samples from Scottsbluff, Nebraska.
Jan. Feb. March April May June July Aug- Sept. Oct. Nov. Dec.
Precip. (cm)
1970
0.91 0.58
NH4-N (mg/1) — — — — —  — — — 1.02 ___ _ 0.42
NO3-N (mg/1) — — ‘ — — —  — — — 0.64 ___ 0.42
P04-P (mg/1) — — — — —  — — — 0.13 — — 0.20
Precip. (cm) 0.28 1.12 3.33 4.34
1971
12.01 6.27 5.44 5.31
NH4-N (mg/1) 0.64 2.09 1.19 0.42 0.60 0.45 — — 0.63 ___ _ -
NO3-N (mg/1) 0.42 1.43 0.45 0.29 0.25 0.30 — — 0.31 _ - -
P04-P (mg/1) 0.20 0.20 0.36 0.02 0.02 Tr — ~ 0.05 — — —
Precip. (cm) 6.68
1972
4.95 12.42 8.64 4.65 4.52 0.56 2.06
NH4-N (mg/1) — — — 1.31 0.35 0.53 1.55 0.32 1.58 0.50 0.44 _
NH3-N (mg/1) — — — 0.71 0.13 0.25 0.32 0.12 0.50 0.53 0.64 _
P04-P (mg/1) — — — 0.08 0.04 0.02 0.17 0.01 0.02 0.23 0.37 —
Precip. (cm) 4.67 4.37
1973
2.46 2.62 8.76 0.43 10.72 0.64
NH4-N (mg/1) — — 1.81 1.02 0.82 2.63 0.41 1.81 0.12 0.18 0.23 1.66
N03-N (mg/1) — — 1.40 0.61 0.56 0.61 0.47 1.17 0.76 0.29 0.56 1.01
f°4-P (mg/1) _ 0.02 0.01 0.10 0.73 0.03 0.42 0.03 0.04 0.10 0.07
Table 26. Nitrogen and phosphorus in precipitation samples from North Platte, Nebraska.
Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
Precip. (cm)
1970
4.60 2.87 2.16 0.46
NH4-N (mg/1) — — — — — — — — 0.63 0.41 0.29 1.43
NO3-N (mg/1) — — — — — — — — 0 1.10 1.29 1.00
P04-P (mg/1) — — — — — — — — 0.16 0.01 0 0
Precip. (cm) 1.19 2.46 4.90
1971
6.45 14.83 8.84 5.11 4.45 2.34
NH4-N (mg/1) 0.50 0.37 — 0.98 0.83 1.56 — 0.38 0.38 1.13
NH3-N (mg/1) 1.14 — 0.42 — 0.98 0.40 0.93 — 0.50 0.76 0.76
P04-P (mg/1) 0 — 0.03 0.04 0.07 0.05 0.01 — Tr 0.03 Tr —
Precip. (cm) 1.93 2.84
1972
10.98 7.16 15.60 2.06 2.29 2.16
NH4-N (mg/1) — — 1.21 1.18 0.71 1.34 — 1.64 1.23 1.93 _ _
NH3-N (mg/1) — — 0.83 0.76 0.43 0.73 0.63 0.88 0.31 0.38 __ _
P04-P (mg/1) — — 0.03 0.03 0.01 0.01 0.04 0.04 — — — —
Precip. (cm) 0.99 6.30 3.99
1973
10.92 3.05 7.49 1.63 12.75 3.43 .
NH4-N (mg/1) 1.20 — 0.73 1.23 2.22 3.77 1.61 0.80 0.64 0 — _
NO3-N (mg/1) 2.46 — 0.94 0.91 0.38 0.50 0.64 1.02 0.15 0.12 _ _
P04-P (mg/1) 0.01 0.02 0 0.48 0.68 0.22 0.03 0 0.12 —
Table 27. Nitrogen and phosphorus in precipitation samples from Clay Center, Nebraska.
Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
Precip. (cm) 19.81
1972
11.07 16.97 6.63 6.07 3.10 9.07 2.03
No. of events — — — — 13 6 10 5 5 6 9 4
NH4-N (mg/1) — — — 0.43 1.06 0.70 0.56 0.94 0.79 0.85 1.20
NO3-N (mg/1) — — — — 0.30 0.91 0.58 0.41 0.35 0.53 0.56 0.82
P04-P (mg/1) — — — — 0.08 0.33 0.14 0.02 0.20 0.04 0.01 0
Precip. (cm) 1.65 0.86 16.51 8.18 12.88
1973
1.96 13.67 2.87 26.75 8.94 4.98 5.28
No. of events 3 4 12 9 8 7 7 5 14 2 2 7
NH4-N (mg/1) 0.61 1.72 1.58 1.02 0.94 0.91 1.64 0.91 0.18 0 0.11 0.17
NO3-N (mg/1) 0.38 1.40 0.64 0 0.38 0.96 0.26 0.70 0.15 0.03 0.42 0.48
P04-P (mg/1) 0 1 0 0.07 0 0.07 0.14 “ 0.50 0.04 0.13 0.05 0.03
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Table 28. Nitrogen and phosphorus in precipitation samples from Northeast Experiment Station, Nebraska.
Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
Precip. (cm)
1970
10.90 6.45 3.84 1.07
No. of events — — — — — — — — 10 10 6 1
NH4-N (mg/1) — — — — — — — — 0.29 0.40 1.71 2.07
NO3-N (mg/1) — — — — — — — — 0 0.20 0.71 0.43
PO4-P (mg/1) — — " — — — — — 0.06 0.80 0 Tr
Precip. (cm) 0.20 5.56 0.48 4.55 5.26
1971
27.00 5.16 1.42 2.13 7.77 3.00 1.57
No. of events — 3 2 6 10 12 9 3 5 9 7 4
NH4-N (mg/1) 1.40 2.57 3.31 — 1.36 1.89 2.01 — 1.45 0.88 2.27 2.45
NO3-N (mg/1) 0.48 0.90 2.04 — 0.53 0.23 0.94 — 0.44 0.50 1.13 1.07
PO4-P (mg/1) 0.10 Tr 0.09 0.85 0.06 0.17 0.16 — 0.18 0.02 0.03 0.16
Precip. (cm) 0.38 2.16 5.33 12.37
1972
4.47 19.94 3.51 13.77 3.91 2.64 4.98
No. of events 2 — 6 9 9 9 9 9 14 10 6 4
NH4-N (mg/1) 1.38 — — 2.70 3.12 5.56 0.40 8.36 1.49 1.72 4.36 3.19
NO3-N (mg/1) 0.88 — — 1.54 0.83 6.22 0.18 0.64 0.29 0.70 2.22 0.96
PO¿-P (mg/1) 0.02 — 0.03 0.07 0.21 0.22 0.04 — 0.09 0.18 0.01 0.01
Precip. (cm) 1.70 0.58 11.66 9.42
1973
5.97 14.00
No. of events 5 3 9 — 7 4 11 — — — — —
NH4-N (mg/1) 0.76 0.29 1.61 4.85 1.43 2.66 1.40 — — — — —
NO3-N (mg/1) 0.15 0.12 0.58 1.70 0.70 6.73 0.56 — — — — —
P04-P (mg/1) 0 0.03 0 0.25 0.14 — 0.27 — — — — —
Table 29. Nitrogen and phosphorus in precipitation samples from Mead, Nebraska.
Jan. Feb. March April May June July Aug. Sept. Oct, Nov. Dec.
Precip. (cm)
1970
10.72 10.72 3.78 2.31
No. of events — — — — — — — 10 10 10 5
NH4-N (mg/1) — — — — — — — — 0.29 0.40 0.71 1.79
NO3-N (mg/1) — — — — — — — — 0 0.20 0.50 1^ 86
P04-p (mg/1) — — — — — — — — 0.01 0 0 0.10
Precip. (cm) 0.48 3.10 0.41 2.43 19.76
1971
7.19 3.81 2.54 1.80 11.20 6.10 1.50
No. of events 1 10 5 8 6 11 11 5 6 10 10 4
NH4-N (mg/1) 0.150 1.38 1.38 1.26 0.68 0.91 1.59 0.93 1.13 0.06 0.76 1.45
NO3-N (mg/1) 1.00 0.82 0.82 0.50 0.68 0.48 0.91 0.96 1.32 0.06 0.63 . 1.51-
P04-P (mg/1) 0.05 0.03 0.03 0.11 0.05 0.24 0.16 0.04 0.05 0.02 0.03 0
Precip. (cm) 0.10 1.93 12.32 21.74
1972
4.95 6.17 7.77 . 6.73 7.54 8.92 3.40
No. of events — 6 11 15 8 8 8 9 9 9 4
NH4-N (mg/1) — ■ —  '• 2.32 0.81 0.78 1.18 0.63 0.32 0.40 1.08 0.99 1.17
NO3-N (mg/1) — — 1.56 0.36 0.43 0.76 0.60 0.23 0.11 0.32 0.64 0.70
PO4-P (mg/1) —  . —  ■ 0 0.02 0.01 0.16 0.02 0.04 0.06 0.13 0.01 0
Precip. (cm) 2.67 0.89 12.93 3.40 12.60
1973
4.95 14.52 1.30 16.00 10.54 4.83 3.45
No. of events 6 4 12 8 13 8 11 5 11 7 5 7
N®4“N (mg/1) 1.20 1.90 1.02 0.96 1.05 1.14 0.67 1.05 0.38 0.09 2.27 0.48
NO3-N (mg/1) 0.58 0.53 0.47 0.64 0,38 0.50 0.41 1.32 0.15 0 0.01 0.70
p04-P (mg/1) 0.01 0 0 0 0.09 0.12 0.05 0.23 0 0 0.01 0
_______
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Table 30. Nitrate-N in precipitation in Wooster, Ohio.
Month
Total
Precip.
Precip.
sampled
No. of a
events Range
N0--N
Mean kg/ha
cm cm mg/1
1973
May 14.17 7.11 22(4) 1.95-3.80 2.61 3.69
June 12.14 3.78 15(2) 1.50-2.25 1.87 2.25
July 8.53 4.98 11(2) 1.15-1.28 1.21 1.03
Aug. 8.18 5.21 8(2) 1.10-1.18 1.14 0.93
Sept 5.46 3.12 4(1) — 1.24 0.67
Oct. 8.74 4.22 10(2) 0.78-1.20 1.09 0.98
Nov. 6.58 1.80 7(1) — 2.08 1.37
Dec. 5.87 3.10 15(2) 0.34-0.41 0.37 0.21
Total 69.67 33.32 92(16) 11.13
1974
Jan. 7.52 3.45 11(3) 0.04-0.24 0.16 0.11
Feb. 3.81 0.84 10(1) — 0.57 0.21
March 11.58 5.59 18(3) 0.44-1.20 0.66 0.76
April 6.99 3.84 12(3) 0.16-0.68 0.44 0.30
Total 29.90 13.73 51(10) 1.38
Yearly
Total 99.57 47.05 143(26) 12.51
“Figures in parentheses are number of events analyzed.
Table 31. Summary of precipitation chemistry for the period 1975-1977, Hotyville, Ohio .
Sediment PO.-P4 Total P NH.-N4 (n o3+n o2)-n TotalN
Ca Mg K
3-
co3 Na HCO" E.C.a
/ -
No of
mg/1
samples 14 5 11 8 9 6 3 3 3 3 3 3 3
Range 2-24 0.012- 0.00- 0- 0.0- 0.8- 0- 0- 0.4- 0 0.0- 15.9- 38-
0.065 0.80 1.5 1.7 3.9 1.5 0.4 0.7 0.5 24.6 54
Mean 11 0.036 0.19 0.3 0.8 1-9 0.8 0.2 0.6 0 0.2 19.3 44
S.D. 5.8 0.025 0.23 0.5 0.7 1.1 0.8 0.2 0.2 0 0.3 4.6 00 •si
“Electrical conductivity, micromhos/cm.
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Table 32. Nutrients in precipitation in Brookings, South Dakota.
Month Precip.a events NH.-N4 no3-n Total P Sol P Ca Mg K Na
cm mg/1
1974
July 4.98(3.66) 9(5) 1.80(0.66) 1.20(5.02) 0.15(0.05) 0.13(0.05) 4.80(1.76) 1.10(0.40) 10.5 (3.85) 1.20(0.44)
Aug. 7.54(3.91) 10(2) 0.81(0.32) 0.83(0.33) 0.05(0.02) 0.01(0.01) 1.80(0.70) 0.57(0.22) 1.80(0.70) 2.10(0.82)
1975
July 1.96(1.04) 7(1) 0.94(0.10) 0.54(0.06) 0.13(0.01) 0.10(0.01) — — 1.33(0.14) 1.67(0.17)
Aug. 11.79(10.16) 12(6) 2.02(1.03) 1.95(1.98) 0.17(0.17) 0.21(0.22) 2.97(0.43) 1.2 (0.17) 1.53(1.56) 1.53(1.56)
Sept. 10.19(9.73) 9(6) 1.84(0.88) 0.65(0.63) 1.43(1.39) 0.03(0.03) 3.64(3.54) 3.81(3.71) 0.83(0.81) 1.36(1.32)
1976
June 6.81(0.20) 5(1) 0.28(0.01) 0.39(0.01) 0.04(0) 0.01(0) — — 1.73(0.04) —
July 3.84(3.30) 5(4) 1.16(0.38) 0.70(0.23) 0.11(0.04) 0.04(0.0) — — 2.20(0.73) —
Aug. 5.13(4.14) 4(3) 0.99(0.41) 0.69(0.28) 0.22(0.09) 0.15(0.06) — — 2.26(0.94) —
Sept. 4.06(3.96) 4(3) 0.87(0.35) 0.41(0.16) 0.04(0.82) 0.04(0.02) — — 1.45(0.58) —
1977
May 5.49(0.58) 10(2) 0.89(0.05) 0.77(0.04) 0.24(0.01) 0 (0) — — 0.55(0.03) —
June 18.57(17.78) 10(7) 1.16(2.06) 0.95(1.69) 0.28(0.50) 0.07(0.12) — — 1.19(2.12) —
July 4.42(1.52) 8(3) 1.81(0.28) 0.79(0.12) 0.09(0.01) 0.07(0.01) — — 1.07(0.16) —
Aug. 12.78(9.65) 13(7) 1.00(0.96) 0.52(0.50) 0.12(0.10) 0.02(0.02) — — 0.40(0.39) —
Sept. 9.40(3.56) 10(4) 0.97(0.35) 0.52(0.19) 0.03(0.11) 0.02(0.09) — — 0.36(0.13) —
Oct. 5.94(2.46) 7(1) 0.66(0.16) 0.31(0.08) 0.01(0.01) 0 (0) ' — — 0.23(0.06) —
1978
June 7.34(0.51) 12(2) 0.65(0.03) 0.62(0.03) 0.07(0) 0.01(0) — — 0 (0) —
July 10.24(8.05) 12(8) 0.76(0.61) 0.56(0.45) 0.17(0.14) 0.07(0.06) — — 0.43(0.35) —
Aug. 5.72(3.00) 9(3) 0.88(0.26) 0.45(0.13) 0.06(0.02) 0.04(0.01) — — 0.28(0.09) ---- .
Sept. 6.20(5.77) 6(3) 0.79(0.54) 0.45(0.26) 0.08(0.05) 0.05(0.03) — — 0.09(0.58) —
Oct. 0.89(0.25) 5(1) 0.63(0.28) 0.83(0.02) 0.04(0) 0.05(0) — — 0.90(0.02) —
aFigures in parentheses are amount of precipitation analyzed, 
b
Figure in parentheses is number of events analyzed. 
cFigures in parentheses = kg/ha/month.
Table 33. Concentration and deposition of some nutrients in precipitation in 
Drummond, Wisconsin (data provided by Bill Kappel, Chequamegon 
National Forest).
Parameter
Average concentration!5 Average deposition
Rain Snow
Voi. Wtd. 
Avg. Rain Snow Annual
mg/1 kg/ha/yr -
Total P 0.018 0.032 0.021 0.11 0.05 0.16
Sol. P 0.004 0.004 0.004 0.03 0.02 0.05
Total N 0.73 0.79 0.74 4.56 1.18 5.74
Nk4-N 0.24 0.10 0.21 1.50 0.15 1.65
N°3-N 0.34 0.40 0.35 2.12 0.60 2.72
Cl 0.54 0.48 0.53 3.38 0.72 4.10
— units —
PH 6.0 4.7 5.7 — — —
ymhos
Conduc t ivi ty
at 25°C 17 16 17
62.5 cm of rain and 15.0 cm of snow (77.5 cm average total annual precipitation). 
5 snow samples and 22 rain samples, 1977-78.
Table 34, Average monthly concentration and deposition of nitrogen and sulfur at various sites in Wisconsin
Site Period
NHa-N NO.-N Org. N so4-s
Cone.a Deposition Cone. Deposition Cone. Deposition Cone. Deposition
mg/1 kg/ha mg/1 kg/ha mg/1 kg/ha mg/1 kg/ha
Antigo
1969(May-Oct) 0-1.05(0.34) 0.23 0.23-1.37(0.52) 0.31 0.23-2.15(1.08) 0.76 2.2-3.8(2.72) 1.77
1970(March-Sept) 0.05-1.27(0^41) 0.20 0-1.02(0.40) 0.21 0.34-2.18(0.94) 0.72 0.5-2.5(1.11) 0.56
1971(April) (0.64) 0.62 --  (0.70) 0.67 --  (1.62) 1.54 --  (3.00) 0.29
Alma
1969(Oct-Dec) 0.55-7.69(3.05) 0.19 0.37-7,69(2.99) 0.05 (0.09) 0.67 22.0-52.5(34.5) 6.94
19 70 (Jan-Dec) 0-5.25(1.29) 0.48 0-1.88(0.5Q) 0.13 0.64-5.98(2.49) 1.11 8.8-102(55.1) 16.0
1971(Jan-Apr) 1.56-17.7(6.39) 0.89 0.86-3.01(2.04) 0.38 1.29-14.7(5.43) 0.78 5.5-145(100) 20.0
Arlington
1969(May-Dec)k 3.27-15.4(3.76) 1.47 0.37-1.24(0.72) 0.40 0.60-41.7(6,75) 1.48 3.8-23.5(10.3) 2.51
1970(Jan-Dec)U 0-7.56(2.65) 1.35 0-1.78(0.62) 0.28 0.05-10.5(3.39) 1.28 0-14.5(6.47) 3.39
1971(Jan-Apr) 1.02-6.94(3.19) 0.88 0.91-1.47(1.08) 0.35 1.35-3.93(2.90) 0.97 3.5-38.5(18.3) 5.00
Ashland
1969(May-Dec) 0.14-1.24(0.52) 0.22 0.18-1.01(0.43) 0.20 0-3.16(0.85) 0.40 2.0-8.0(3.66) 1.78
1970(Jan-Dec) 0-2.75(0.80) 0.46 0-3.20(0.96) 0.30 0.05-5.13(1.13) 0.48 0-11.6(2.95) 0.60
1971(Jan-Apr) 0.41-2.26(1.40) 0.51 0.54-2.20(1.37) 0.49 0.71-2.19(1.53) 0.48 1.5-9.0(4.88) 1.83
Brixon
1969(May-Sept) 0.92-4.03(2.30) 0.81 0.09-3.11(0.92) 0.25 1.09-15.6(5.46) 1.00 2.8-4.5(3.38) 1.66
1970(Mar-Sept) 0.15-2.68(1.19) 0.49 0-2.46(0.58) 0.17 0.77-3.78(1.44) 1.51 0.2-5.0(1.94) 1.12
1971(Mar-Apr) 2.90-8.23(5.57) 1.71 0.59-1.67(1.13) 0.35 1.94-6.82(4.38) 1.24 2.5-7.0(4.75) 0.15
Dierauer
1969(Sept-Dec) 0.25-0.49(0.39) 0.31 0.20-0.46(0.33) 0.24 0.10-1.17(0.60) 0.26 0-6.0(2.93) 1.18
1970(Jan-Apr) 1.02-4.25(2.03) 0.58 0.56-2.31(1.24) 0.37 0.70-3.49(1.69) 0.46 3.0-27.0(9.63) 3.45
Douglas
1969(May-Oct) 0.37-2.88(1.80) 1.07 0.05-0.96(0.39) 0.24 1.65-4.12(3.86) 3.86 3.8-7.8(4.80) 2.60
1970(Mar-Sept) 0.69-12.6(3.18) 2.71 0-0.87(0.41) 0.26 0.34-3.63(1.83) 1.72 0.2-3.2(1.36) 0.89
1971(Mar-Apr) 0.81-3.66(2.24) 0.72 0.86-0.97(0.92) 0.32 2.85-4.08(3.47) 1.18 2.5-4.0(3.25) 0.11
Duninger
1969(Sept-Nov) 0-1.62(1.00) 1.01 0.05-0.66(0.33) 0.35 0-1.78(1.17) 1.85 0.8-5.2(2.27) 0.83
1970(Mar-Apr) 1.67-2.47(2.07) 0.91 0.70-1.24(0.97) 0.41 6.07-8.07(7.07) 3.24 3.5-4.5(4.0)
1.84
Ellefson
1969(May-Oct) 0.50-6.00(3.43) 1.62 0.28-1.10(0.54) 0.26 2.43-9.93(4.31) 2.01 0-5.5(2.67)
1.22
1970(Mar-Aug) 0-6.73(1.64) 1.71 0.10-0.74(0.43) 0.40 0.49-2.91(1.19) 1.07 0-1.8(0.37)
0.21
Hancock
1969(May-Dec) 0.32-9.70(3.03) 1.44 0.,27-2.38 (0.74) 0.19 0.41-8.84(2.50) 0.99 2.0-5.0(3.54)
1.80
1970(Jan-Dec) 0.10-2.70(1.05) 0.64 0.15-5.69(1.26) 0.42 0-3.21(0.87) 0.42 0-29(6.29)
1.48
1971(Jan-Apr) 0.71-1.67(1.22) 0.59 0.81-1.72(1.23) 0.35 0.61-1.32(0.95) 0.35 2.5-43(17.3) 4.97
Harsh
1969(May-Dec) 0-1.19(0.77) 0.38 0-7.74(1.90) 0.09 0-8.05(4.10) 2.18 0-14(4.60)
3.13
1970(Apr-Aug) 0.34-7.56(2.24) 1.00 — 0.44 0.14-4.02(1.74) 1.10 0-6.2(1.60)
0.54
Jacobson
1969(May-Oct) 0.09-11.6(2.75) 1.35 0.05-0.46(0.20) 0.11 1.19-14.5(4.61) 2.18 2.0-4.8(3.30)
1.83
1970(Mar-Sept) 0-6.73(1.15) 1.08 0-0.26(0.08) 0.07 0.77-1.76(1.23) 0.99 0-2.0(0.31)
0.26
1971(Mar-Apr) 0.48-2.85(1.67) 2.14 0.29-0.32(0.31) 0.41 1.24-9.73(5.49) 7.03 2.0-3.5(2.75)
LaCrosse
1969(May-Oct) 0-9.52(2.68) 2.49 0-0.64(0.14) 0.07 0.37-2.79(1.58) 0.96 0.2-2.0(0.80)
0.43
1970(Apr-Sept) 0.10-15.6(3.14) 4.21 0.19-0.44(0.21) 0.16 0.49-2.99(1.89) 1.51 0-1.5(0.95)
1971(April) 0.40 0.18 — 4.47 1.50 1-5
Lake Mills
1969(May-Oct) 0.64-8.29(3.62) 2.74 0.32-1.44(0.78) 0.41 0-5.50(1.76) 0.92 1.8-5.8(3.53)
2.31
1970(Mar-Sept) 0.83-5.32(2.24) 1.65 0.34-1.02(0.74) 0.53 0.54-3.98(3.12) 2.38 0.2-4.5(2.27)
1971(Mar-Apr) 0.81-3.66(2.24) 0.99 1.08-1.88(1.48) 0.52 3.28-5.16(4.22) 1.68 5.5-8.5(7.0)
Lancaster
1969(May-Dec) 0.27-4.58(1.22) 0.42 0.09-0.73(0.38) 0.19 0-4.03(1.32) 0.49 1.2-8.0(3.55)
1.54
1970(Jan-Dec)c 0-8.98(2.30) 0.74 0.22 0-3.56(1.16) 0.82 0-1.35(20.3)
aRange and mean, 
k Excluding Feb. and Nov. 
c Excluding Nov.
Table 34. Continued
NH.-N
4
n o3-n Org. N s o ,- s4
Site Period Cone. Deposition Cone. Deposition Cone. Deposition Cone.
Deposition
mg/1 kg/ha mg/1 kg/ha mg/1 kg/ha mg/1 kg/ha
Madison
1969(May-Oct) 0-1.01(0.20) 0.16 0-1.74(0.43) 0.24 0.36-2.66(1.16) 0.57 3.5-8.0(4.65) 2.50
1970(Mar-Sept) 0-1.56(0.39) 0.36 0-0.39(0.17) 0.14 0-1.86(0.84) 0.49 0.2-8.8(3.49) 1.81
1971(Mar-Apr) 0.54-0.75(0.65) 0.31 1.02-1.22(1.12) 0.53 0.75-2.04(1.40) 0.59 3.5-6.0(4.75) 2.08
Marshfield
1969(May-Dec) 0.14-2.20(0.83) 0.36 0.23-0.92(0.54) 0.22 0.16-2.10(0.59) 0.29 2.8-12(5.81) 2.21
1970(Jan-Dec) 0.41-3.68(1.54) 0.72 0.20-4.22(0.71) 0.29 0.20-4.64(1.71) 0.69 0.2-54(14.7) 4.03
1971(Jan-Apr) 0.10-3.01(1.46) 0.56 0.10-4.52(2.14) 0.76 0.41-7.63(3.91) 0.49 6.3-42(24.0) 9.26
Oshkosh
1969(May-Oct) 0.09-5.45(11.28) 0.95 0.14-0.78(0.45) 0.34 0.45-8.65(2.34) 1.63 2.0-4.5(3.02) 2.15
1970(Mar-Sept) 0.29-1.08(0.60) 0.40 0.15-1.12(0.47) 0.28 0.44-1.57(0.94) 0.61 0-2.2(0.93) 0.50
1971(Mar-Apr) 1.45-3.01(2.23) 0.63 0.91-1.40(1.16) 0.32 1.78-3.23(2.50) 0.71 4.0-6.0(5.00) 1.38
Spooner
1969(May-Dec) 0.09-1.65(0.73) 0.30 0.11-0.50(0.31) 0.14 1.56-9.02(3.30) 1.35 2.0-7.5(3.69) 1.28
1970(Jan-Dec) 0-5.51(1.32) 0.24 0.05-2.17(0.57) 0.20 0.10-6.85(1.41) 0.44 0-57(7.23) 0.78
1971(Jan-Apr) 0.25-1.72(1.07) 0.35 0.41-2.58(1.15) 0.33 0.05-1.83(0.96) 0.18 2.0-21(7.50) 1.84
Segerstrom
1969(May-Oct) 0.27-6.96(1.90) 0.37 0.23-0.55(0.47) 0.15 0.73-17.0(6.00) 0.69 2.0-7.5(3.65) 0.95
1970(Mar-Aug)a 0.54-7.13(2.41) 1.20 0.05-0.29(0.16) 0.12 0.50-20.8(5.43) 1.28 0-3.8(1.62) 0.52
Sturgeon Bay 
1969(May-Dec) 0.28-1.10(0.62) 0.39 0.37-0.92(0.53) 0.31 0.09-5.03(1.39) 1.26 2.2-9.2(4.15) 1.95
1970(Jan-Dec) 0.15-2.10(1.15) 0.63 0.20-4.53(0.98) 0.39 0.15-7.49(2.14) 1.19 0.8-67(11.?) 4.03
1971(Jan-Apr)b 1.02-3.68(2.32) 2.01 1.27-1.45(1.37) 1.17 0-4.30(1.60) 0.67 5.5-12(8.50) 8.17
Young
1969(May-Oct) 2.88-11.0(4.50) 2.40 0.46-0.78(0.61) 0.30 0-4.80(1.95) 0.85 1.0-4.5(3.12) 1.48
1970(Mar-Dec) 0.44-8.36(2.44) 1.78 0.15-0.97(0.44) 0.35 0.10-5.09(1.15) 0.74 0-5.0(1.26) 1.14
1971(Jan-Apr) 1.37-11.7(4.90) 1.24 0.61-1.19(0.92) 0.30 0.86-4.25(2.15) 0.60 2.5-19(7.25) 1.64
Waukesha
1969(May-Oct) 0.09-1.46(0.68) 0.25 0.37-1.53(0.63) 0.35 0.59-1.83(1.10) 0.88 2.8-4.8(3.53) 2.34
1970(Mar-Sept) 0-0.82(0.41) 0.24 0-1.17(0.68) 0.45 0.20-1.61(0.94) 0.64 0-4.5(2.09) 1.26
1971(Mar-Apr) 0.91-1.77(1.34) 0.39 0.91-1.08(1.00) 0.23 1.89-2.42(2.16) 0.48 1.5-3.5(2.5) 0.75
Excluding July, 
k Excluding March.
lar to that in Minnesota (6-14 kg/ha) and Nebraska 
(6-20 kg/ha), but higher than the amounts accumulated 
at various sites in Wisconsin (Table 34). In addition to 
these amounts of inorganic N added by precipitation, 
NH4 —N could be directly absorbed by soil surface, 
especially in areas near feedlots (Hutchinson and Viets, 
1969).
Junge (1958) conducted a nationwide survey of 
NH4 -  N and N 03 -  N in rainwater samples of 60 sites 
in the United States during 1955 and 1956. He found an 
uneven distribution of both these forms of inorganic N 
in rainwater. Also he found no correlation between 
these inorganic N forms in precipitation and thunder­
storm activity, density of industry, population, or agri­
cultural activity. He found, however, that areas having 
soils of low pH values correlated with areas having low 
concentration of NH4- N  in precipitation and that 
alkaline-soil regions seemed associated with a high 
concentration of NH4- N  in rainwater. The results 
summarized in this work were not aimed toward inves­
tigating such relationships, but the results obtained for 
concentrations of NH4 -  N in precipitation samples at 
the six sites in Iowa do not seem to show any general 
trend to indicate such relationships.
Sulfur in precipitation
Compared with the information available about N 
in precipitation in the North Central Region, little data 
have been obtained on concentration and accumulation 
of S in precipitation in this region. The information 
available is from Iowa (Tables 9 and 10), Michigan 
(Table 16), Minnesota (Tables 21 and 22), Nebraska 
(Table 24), and Wisconsin (Table 34). The annual accu­
mulation of S by precipitation ranged from 5 kg/ha in 
Nebraska (Table 24) and Wisconsin (Table 34) to about 
17 kg/ha in Iowa (Table 10) and Michigan (Table 16). 
Sulfur deposition as high as 20 kg/ha has been reported 
for one site (Alma) in Wisconsin (Table 34).
Results reported for concentration of S 04 -  S in pre­
cipitation in Iowa (Tabatabai and Laflen, 1976) indi­
cate that it is seasonal and inversely related to the 
amount of monthly precipitation. The greater concen­
tration of S 04 -  S was found during the fall and winter 
when precipitation is low, and the least concentration 
during the summer and spring when precipitation is 
heavy. Atmospheric S levels in Wisconsin at rural and 
urban sites also were low in the summer and high in the 
winter (Hoeft et al., 1972). The high concentration of 
S04 — S in precipitation during the fall and winter in 
this area could be due to home and business heating 
during these months. The low concentrations during 
the spring and summer could be due to washing by 
precipitation and to lower concentration of S gases in 
the atmosphere resulting from direct absorption of S 02 
and other S gases by the exposed soil and plant sur­
faces. These processes of addition and removal of S 
gases into and from the atmosphere seem to play major 
roles in the observed seasonal concentration of S 04 — S 
in precipitation in some sites in this region.
The concentration of S 04- S  and, therefore, its 
accumulation seems not to have changed significantly
in the region within the past decades. For example, the 
average annual additions of S by precipitation (16 kg/ 
ha) during 1971-1973 in Iowa and (17 kg/ha) during 
1969-1971 in rural areas of Wisconsin are similar to 
that reported over a half century ago for Iowa (Tabata­
bai and Laflen, 1976; Hoeft et al., 1972). Erdman (1923) 
estimated the annual precipitation-originated S in 
Ames, Iowa, in 1923 to be 17 kg/ha, and the present 
estimate for this site is 17 kg/ha. Also, Harper (1942) 
summarized the data that were available before 1942, 
indicating that rural areas of the United States were 
receiving precipitation-originated S in amounts similar 
to those found currently in this region.
No detailed information is available on variation in 
deposition of S by precipitation in this region, but the 
data accumulated for S in precipitation over Iowa indi­
cate that between 62 and 78% of the S is deposited 
during the spring and summer (Tabatabai and Laflen, 
1976). The amounts of S (5-15 kg/ha annually) added by 
precipitation in the North Central Region are impor­
tant to crop production because laboratory tests and 
field and greenhouse experiments have shown that 
some soils of this region do not contain sufficient plant- 
available S to meet crop requirements for this element 
(Fox et al., 1964; Seim et al., 1969; Tabatabai and 
Bremner, 1972; Widdowson and Hanway, 1974), yet no 
S deficiency symptoms have been widely reported. 
From the results summarized in this report, it is evi­
dent that precipitation adds the small amounts of S 
required by many crops in this region. Also, some S 
gases likely are absorbed directly by soils and plants 
because it is known that soils and plants absorb S02 
directly from the atmosphere (Allway et al., 1937; Cole­
man, 1966; Faller, 1970; Olsen, 1957; Ulrich et al., 
1967). A study in Wisconsin showed that, under opti­
mum yield, 44% of the S in alfalfa was obtained from 
atmospheric sources (Hoeft et al., 1972). The concentra­
tions and accumulations of S by precipitation and those 
reported in soils from the North Central Region (Taba­
tabai and Bremner, 1972; Widdowson and Hanway, 
1974; Seim et al., 1969) indicate that current concentra­
tions and accumulation of S by precipitation in this 
region are beneficial to crop production.
Phosphorus in precipitation
The concentration and accumulation of P  by pre­
cipitation in the North Central Region are very small 
relative to those of N and S. This is mainly because no P 
gases are emitted into, or exist in, the atmosphere; the 
only sources of P in precipitation are airborne particu­
late matters, mostly dust. Normally the concentration 
of soluble P 04 — P in precipitation is in the ppb levels. 
The annual deposition of P does not exceed a fraction of 
kg/ha. In this report, results have been summarized for 
Indiana (Tables 5-8), Michigan (Tables 13-15), Minne­
sota (Tables 21-23), Nebraska (Tables 24-29), Ohio 
(Table 31), South Dakota (Table 32), and Wisconsin 
(Table 33). The annual accumulation of P ranged from 
<  0.1 to 1 kg/ha. These amounts are insignificant com­
pared with those present in soils and added by ferti­
lizers.
Other elements in precipitation
Precipitation may contain K, Na, Ca, and Mg. 
These elements originate mainly from particulates and 
dust materials suspended in the atmosphere. Informa­
tion on K, Na, Ca, and Mg in precipitation is available 
from Minnesota (Tables 21-23), Ohio (Table 31), and 
South Dakota (Table 32). The data indicate that the 
annual deposition of these elements may range from <  
1 to 10 kg/ha (Tables 21-23 and 32).
Emission of particulates and gaseous 
pollutants
The concentration and accumulation of nutrients by 
precipitation are directly related to their concentra­
tions in the atmosphere, especially the elements that 
could be present in the atmosphere in gaseous forms 
(e.g., N and S). Table 35 shows the total emission of 
particulates, SOx, NOx, hydrocarbons, and CO from 
fuel combustion (from point and nonpoint sources) in 
the states in the North Central Region. Generally, the 
least emission is in South Dakota, and the greatest in
Ohio, a fact reflecting the industrial activities in the 
region. The amounts of these materials emitted from 
industrial processes (point sources), solid waste dispos­
al, transportation (nonpoint sources), and other miscel­
laneous sources in each state in the region are reported 
in Tables 36,37,38, and 39, respectively. Fuel combus­
tion from point sources is contributing manyfold more 
SOx and NO x than that from nonpoint sources (Table 
35). Industrial processes (point sources) such as chemi­
cal manufacturing and food and agricultural pro­
cessing are contributing low degrees of air pollution by 
SOx and NOx in Nebraska, North Dakota, and South 
Dakota. The states contributing a high degree of air 
pollution by these oxides from these sources are Illinois, 
Michigan, and Ohio.
With the exception of the states of Illinois, Michi­
gan, and Nebraska, the amounts of SOx and NOx emit­
ted into the atmosphere from solid waste disposal from 
nonpoint sources exceed those emitted from point 
sources (Table 37). Transportation contributes great
(text continues on page 141)
Table 35. Emission of particulates, S0x, NOx, hydrocarbons, and carbon monoxide 
from fuel combustion in the states of the North Central Region.
State Source Particulates SO
X
NO
X
HC CO
f
Illinois Point 229,259 1,959,220 632,523 6,877 22,382
Nonpoint 149,937 140,516 88,807 11,022 48,132
Indiana Point 226,586 1,518,217 551,780 11,828 25,921
Nonpoint 260,080 114,904 43,015 3,335 13,972
Iowa Point 47,004 256,611 101,445 2,534 5,098
Nonpoint 5,855 6,625 10,755 1,253 4,047
Kansas Point 6,103 116,001 158,560 4,927 5,488
Nonpoint 927 2,063 8,678 713 1,845
Michigan Point 116,302 941,530 277,975 5,469 14,605
Nonpoint 6,610 22,662 42,618 3,260 20,057
Minnesota Point 31,987 207,743 97,474 4,285 8,013
Nonpoint 12,322 24,426 24,406 1,696 8,405
Missouri Point 71,274 1,167,476 294,805 3,469 10,947
Nonpoint 148,285 69,062 29,475 3,663 18,450
Nebraska Point 8,802 28,351 39,614 2,201 2,311
Nonpoint 1,230 4,700 9,971 /689 2,560
North Dakota Point 10,353 79,609 45,414 1,226 3,459
Nonpoint 5,403 10,191 4,400 630 2,576
Ohio Point 421,817 2,772,779 658,033 11,704 35,686
Nonpoint 269,401 107,051 61,164 7,227 29,770
South Dakota Point 6,693 31,091 21,701 203 453
Nonpoint 670 1,218 2,009 294 1,500
Wisconsin Point 177,335 531,209 158,724 3,045 14,796
Nonpoint 14,715 26,771 22,907 3,061 13,602
a
Point sources include all types of fuels used in external and internal combus-
tions. Nonpoint sources include all types of fuels used for residential, 
industrial, and commercial heating.
Table 36 Emission of particulates, SO , NO , hydrocarbons, and carbon 
monoxide from industrial processes (point sources) in the states 
of the North Central Region.
State Particulates SOx NOx HC
CO
ton/year
Illinois 381,064 121,942 48,219 232,161 517,709
Indiana 86,072 54,190 25,930 134,799 346,391
Iowa 144,849 32,251 3,642 16,176 52,827
Kansas 151,694 41,394 18,531 99,328 9,771
Michigan 92,575 120,452 15,413 193,471 327,616
Minnesota 79,821 23,774 3,954 120,585 27,420
Missouri 89,613 128,245 15,114 109,268 38,434
Nebraska 100,143 13,023 4,032 51,690 5,618
North Dakota 8,852 17,727 843 1,818 275
Ohio 405,453 113,563 20,378 231,457 220,745
South Dakota 29,896 3,470 885 4,128 0
Wisconsin 51,231 37,141 42,422 157,830 50,737
“Chemical manufacturing, food and agricultural processing, primary metals 
processing, secondary metals processing, petroleum industry, wood products, 
organic solvent evaporation, petroleum storage and transport, metal 
fabrication, and other not classified sources.
Table 37 Emission of particulates, SO , NO , hydrocarbons, and carbon 
monoxide from solid waste disposal in the states of the North 
Central Region.
State Source3 Particulates SO NO HC COx x
Illinois Point
Nonpoint
14,098
7,009
Indiana Point
Nonpoint
639
19,273
Iowa PoiAt
Nonpoint
142
23,270
Kansas Point
Nonpoint
21
18,880
Michigan Point
Nonpoint
3,457
10,240
Minnesota Point
Nonpoint
4,650
8,257
Missouri Point
Nonpoint
585
5,341
Nebraska Point
Nonpoint
1,129
851
North Dakota Point
Nonpoint 189
Ohio Point
Nonpoint
10,061
40,198
South Dakota Point
Nonpoint
694
2,447
Wisconsin Point
Nonpoint
3,275
19,230
ton/year
2,279 1,938 6,414 27,033
101 219 19,698 59,087
269 796 532 1,154
1,496 4,048 41,298 120,157
22 84 104 274
2,202 8,726 40,017 112,312
12 5 53 328
959 4,487 41,846 121,693
1,683 11,323 4,985 6,784
1,128 2,337 19,747 56,783
97 298 458 4,512
538 3,110 15,396 43,496
357 290 214 4,932
495 1,959 9,280 26,142
121 543 259 678
49 321 1,591 4,528
57 65 126 279
755 1,249 1,432 9,069
3,227 8,566 85,307 248,265
14 120 1,171 12,733
115 327 5,960 17,583
450 812 864 6,444
1,627 3,925 40,681 118,394
Point sources include: municipal incineration and industrial on site incineration 
and open burning. Nonpoint sources include: residential on site incineration 
and open burning, commercial and institutional on site incineration and open 
burning, and industrial on site incineration and open burning.
Table 38. Emission of particulates, SO , NO , hydrocarbons, and carbon 
monoxide from transportation (nonpoint sources) in the states 
of the North Central Region.3
State Particulates SO NO HC COx x
ton/year
Illinois 296,894 28,497 410,216 622,662 5,014,629
Indiana 135,707 18,958 237,043 285,611 2,144,593
Iowa 81,498 14,103 196,469 188,298 1,436,170
Kansas 68,615 9,522 132,721 166,105 1,254,767
Michigan 237,603 20,367 322,985 464,299 3,613,861
Minnesota 95,215 11,837 170,892 230,572 1,728,918
Missouri 136,177 15,566 233,118 308,756 2,397,395
Nebraska 43,012 7,858 98,644 110,639 862,826
North Dakota 14,789 3,185 40,983 43,873 335,315
Ohio 279,234 37,104 435,577 520,653 3,963,635
South Dakota 15,912 2,661 39,206 44,393 332,700
Wisconsin 109,904 12,323 179,840 248,293 1,940,858
aIncluding land vehicles using gasoline (light-duty vehicles, light-duty trucks, 
heavy-duty vehicles, and off-higihway gasoline use) and diesel (heavy-duty 
vehicles, off-highway diesel use, and trains); aircrafts including military, 
civil, and commercial; and other vessels that use diesel fuel, residual oil, 
and gasoline.
Table 39. Emission of particulates, SO , NO , hydrocarbons, and carbon 
monoxide from miscellaneous sources (nonpoint sources) in 
the states of the North Central Region.a
State Particulates SO NO HC CO
X X
- ton/year
Illinois 452,447 2 178 510,801 4,909
Indiana 254,845 0 220 226,405 6,917
Iowa 424,798 7 390 100,726 13,999
Kansas 619,944 32 1,678 91,773 66,498
Michigan 541,536 64 1,743 406,739 60,543
Minnesota 515,806 117 3,175 165,028 110,814
Missouri 401,905 8 512 194,942 17,626
Nebraska 391,164 0 148 47,985 5,307
North Dakota 541,435 1 60 14,515 2,083
Ohio 203,056 1 200 558,153 5,429
South Dakota 330,927 34 914 22,479 32,461
Wisconsin 245,152 19 670 207,334 23,020
including forest fires, structural fires, gasoline stations evaporation
loss, unpaved roads, and unpaved airstrips.
4^
O
Table 40. Total emission of particulates, SO , NO , hydrocarbons, and carbon 
monoxide in the states of the Nortii Central Region.
State Source Particulates SO
X NOX HC CO
Illinois Point 624,421 2,083,441 682,679 245,451 567,124
Nonpoint 906,287 169,116 496,697 1,164,183 5,126,757
Indiana Point 313,297 1,572,676 578,507 147,159 373,466
Nonpoint 669,905 135,358 284,326 556,650 2,285,639
Iowa Point 191,995 288,884 105,172 18,814 58,227
Nonpoint 535,421 22,938 216,340 330,293 1,566,528
Kansas Point 157,817 157,406 177,095 104,308 15,587
Nonpoint 708,363 12,576 147,564 300,437 1,444,803
Michigan Point 212,335 1,063,667 304,630 203,925 349,005
Nonpoint 795,989 44,420 369,683 894,045 3,751,243
Minnesota Point 116,458 231,615 101,726 125,328 39,945
Nonpoint 631,601 36,919 201,583 412,693 1,891,634
Missouri Point 161,473 1,296,079 310,209 112,950 54,314
Nonpoint 691,707 85,131 265,063 516,640 2,459,612
Nebraska Point 110,074 41,494 44,188 54,150 8,607
Nonpoint 436,257 12,607 109,084 160,904 875,231
North Dakota Point 19,205 97,335 46,256 3,044 3,734
Nonpoint 561,816 13,434 45,508 59,145 340,253
Ohio Point 837,331 2,887,097 679,661 244,593 265,500
Nonpoint 791,890 147,383 505,507 1,171,339 4,247,099
South Dakota Point 37,283 34,574 22,705 5,502 13,229
Nonpoint 349,956 4,028 42,456 73,126 384,245
Wisconsin Point 231,844 568,800 201,958 161,739 71,976
Nonpoint 389,000 40,740 207,341 499,369 2,095,874
Table 41. Emission of particulates, SO , NO , hydrocarbons, and carbon monoxide 
from all sources per unit surface area in the states of the North 
Central Region.
State
Illinois
Indiana
Iowa
Kansas
Michigan
Minnesota
Missouri
Nebraska
North Dakota
Ohio
South Dakota
Total area Particulates SO NO HC CO
x x
146,076 10.5 15.4 8.1 9.7 39.0
93,994 10.5 18.2 9.2 7.5 28.3
145,791 5.0 2.1 2.2 2.4 11.1
213,063 4.1 0.8 1.5 1.9 6.9
150,779 6.7 7.3 4.5 7.3 27.2
217,736 3.4 1.2 1.4 2.5 8.9
180,486 4.7 7.7 3.2 3.5 13.9
200,018 2.7 0.3 0.8
JK’
1.1 4.4
183,022 3.2 0.6 0.5 0.3 1.9
106,764 15.3 28.4 11.1 13.3 42.3
199,552 1.9 0.2 0.3 0.4 2.0
145,439 4.3 4.2 2.8 4.5 14.9Wisconsin
amounts of SOx, NOx, hydrocarbons, and CO to the 
atmosphere (Table 38). Total emission of these pollu­
tants from all sources in each state in the region is 
shown in Table 40. Expressed in ton/km2 annually, 
South Dakota and Nebraska contribute the least, and 
Ohio, Indiana, and Illinois, the most, to air pollution by 
these contaminants (Table 41).
Although there is a great degree of variation in 
emission of particulates, SOx, and NOx into the atmos­
phere among the states in this region, this variation is 
not readily evident in precipitation from the various 
sites. This seems to be due to mixing, transport, and 
dilution in the atmosphere and removal by wet and dry 
deposition of these atmospheric pollutants.
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